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BENGAL JAIL DIETARIES 

With some observations on the Influence of Dietary on the 
Physical Development and Well-being of the People of Bengal. 


INTEOBUCTIOir. 


^HE investigations that have been engaging the attention of the staff * of the 

. Physiological Department of the Medical College, Calcutta, have, we hope,. 
. shed a considerable amount of light on the nutritive value of Indian food-stuffs, 
and particularly on the nutritive value of jail dietaries in Bengal. They -will also 
be found to have a very distinct bearing on the much discussed problems of 
nutrition. 

The work recorded in this memoir has been carried out on the initiative and 
at the expense of the Sanitary Department of the Government of India. The im- 
portance of the subject of jail^dietaries had been fully recognised by the Govern- 
ment of India. They had already caused certain enquiries to be made, which 
will be referred to, but had deferred further action until a suitable officer became 
available for the purpose of estimating the nutritive value of the different food- 
stuffs in the dietary of prisoners. 

The present enquiry is limited to the jails of Bengal. The work began on the 
1st February 1908 and has been going on practically continuously (so far as other 
official duties permitted) for the last eighteen months. 


Historical. 


It would not serve any useful purpose to go very deeply into the history of 
all the work that has been done on jail diets at Home and in India. Certain 
important papers will be referred to in so far as they are of interest in the^ 
light of present investigations ; but all the work hitherto done has been based 
on the assumption that the chemical analysis of food-stuffs afforded a direct 
measure of their nutritive value. Further, the diet scales laid down for Indian 
prisons have all been calculated on the result of chemical analyses and not on the 
actual nutritive value of the food materials, i.e., the percentage of their proximate 
principles that is capable of being absorbed by the intestinal tract of the prisoners 


^ Three Assistant Surgeons were employed on th.e enquiry, 

Satis Chandra Banerji, L*M,S.>Assi8tant Professor of Physiology, 


Lai Mohan Ghoshal, L.M.S, 1 
Madan ' Mohan ' Dutta>' LM,S, J 


Demonstrators,, Physiological Department, Medical College^ :0aloutta*. 





The present enquiry aims at estimations of the actual amount of some of th 
proximate principles— especially protein- that are absorbed and assimilated, an 
for this reason the papers above referred to, while of great importance so far as tlu' 
go, do not give much assistance in the present work. 

Surgeon Major T. E. Lewis’^ writes : ‘‘'A mere tabula . statemeni of the seven 
ingredients constituting the several diets would be of comparatively little value uti 
less accompanied by a statement of tlioir chemical composition ; ami, in order t 
judge of the comparative merits of dietaries so analysed, it is essentia! 1 hat a clea 
conception should be formed as to what particular portions are .s])e(>iall)- adapter 
to the nutrition of the body.” To this we may add that it is of even more ijnpoii 
ance to know in what proportions the proximate principles of the <!ilT«>rent, food 
stufis are absorbed and made use of in the economy. 

It is futile, for example, to work out diet scales furnishing say 80 grammes o 
protein per man daily, if instead of 00 per cent, only 00 per cent, of this i 
absorbed, and then imagine that we have provided for the prisoners’ physiologica 
needs. Yet, so far as we have been able to find in the literature of this snbjec 
that is what has been done hitherto. 


The diet scales would also appear to have been based on those in us- in the pri 
sons of European countries, an allowance being made for diiTerence in weigiit 

So far back as 1881 Lewis wrote, and it is equally true to-day So fai 
as I am aware, no systematic scries of observations lias been ('onduetec 
on the precise foo^-requiiemenls of the inhabitants of this country when under 
going laborious exertion, as compared with the requirements wlien the body is a’ 
rest, so that all inferences as to what those requirements are, are based on experi- 
ments made in Europe and on people accustomed to a far larger proportion o: 
ammal food than the great majority of the inhabitants of Eastern countries.” 

The first work done on the subject by actual experiment, to which we hav« 
re erepe, is an able and interesting memorandum by Surgeon Major L B. Lyon,i 
Chenucal Analyser to Government. Bombay. From actual experience of native 

Correction, Br. Lyon devised 
three scales of diet, based on the analysis of the diet on which these prisoners 
had been workmg and which had proved sufficient. 

We need not go into the details of this paper: it trill be suffident for our 
purpose to say that the work done by Dr. Lyon was carried out from the exactly 

opposite point of view to that recorded in this memoir. ^ 

Dr. Lyon found that native prisoners in the Bombay House of Correction in, 

creased m he*h, weight aud physical development when sentenced to hard labour i 

t by SWJM, Mslor I. B. lorn, .r,-.. 
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be very properly analysed the diet on wMch this was possible, and fonnd it to con- 
tain quantities of nitrogen and carbon which (when allowance is made for difference- 
in weight) were practically identical with Letheby’s estimate for ordinary labor r 
in England, and of the same value as the hard labour diet of English convicts. On 
the basis of this experience his three scales of diet were formulated : — 

No. 1 Scale . — The labour scale ; is simply the Bombay House df Correc- 
tion scale raised or lowered proportionally to the weight of the indivi- 
duals to be fed. 

No. 2 Scale . — The light labour scale ; is scale No. 1 reduced in the pro- 
portion that the light labour diet of English convicts is lower than. 
English convict hard labour diet. 

No. 3 Scale . — The bare sustenance scale ; is scale No. 1 reduced in the- 
proportion that a mean between Edwin Smith and Letheby’s esti- 
mates for bare sustenance is lower than English convict hard labour 
diet. 

Dr. Lyon, therefore, devised his diets by working back from an analysed diet- 
which had proved itself sufS.cient for all physiological purposes, i.e., a diet from, 
which enough of the dijfferent proximate principles was absorbed to supply the 
needs of the body. The ultimate object of the present investigation is to devise- 
diet scales in which the several ingredients are so combined that the maximum 
absorption is obtained with a minimum of waste — a point not taken notice of in. 
either Lyon’s diets or any other diet scales that have been framed for Indian jails. 

The reason why dietaries for prisoners in India have all been worked out from 
the chemical analyses of the foods in use appears to be that, from the investigations 
that have been carried out in Europe and America on the percentage absorption 
of the proximate principles, a fairly fixed proportion of these was found to be 
absorbed, i.e., above 90 per cent, in a mixed animal diet and above 86 per cent, 
in a so-called vegetable diet. So that, by assuming these percentages to hold good 
for Indian food-stuffs, the framers of the difierent diets estimated that between 85 
and 90 per cent, of the proximate principles found by chemical analysis in the diets 
would be absorbed. This we shall show is hot by any means the case ; and, further^ 
we shall give abundant evidence that the actual amount of absorption does not 
vary directly with the quantity of the proximate principles contained in the diet ; 
this at least we can strongly assert is so in the case of the most important of the 
proximate principles — protein. It was a very natural assumption to malce and, so 
far as we know, the fallacy was not discovered until actual examination* of the 
excreta of prisoners on a known jaU. diet proved that a comparatively poor absorp- 
tion of protein takes place when the actual amount of protein ofiered in the diet is. 
taken into consideration. 

♦ Soientijfio Memoirs No* 34*— Standards of the Ckmstitnents of the Blood and Urine and the Beariiig of 
the Metabolism of the Bengali on the Problems of Nutrition. 
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The nest paper to which we wish to refer is Surgeon-Major T. B. lj<‘wi> n Memo- 
randum * on the Dietaries of Labouring -Prisoners in Indian Jails. Tliis is a ntost 
important and comprehensive discussion of tlie wliole subject of Indi.ni jail riief- 
aries. Dr. Lewis evidently clearly foresaw the imporlanee ol Ihe uhiorbaitilil y o! 
a diet, for in discussing the imtritive vuluo of tlie tiiel scales of labouring pri -fuims 
he says- “ There are practical difiieultics hi deciding the equhaleut xaltics of IIh-m- 
various food-stuifs, not only because tiie cliemieal analyses wiiieli have been made 
of many ol them arc not so cora])le1(‘asdesirabI('. but there isalso a want o! dchniic 
knowledge as to their- exact position astruc aliments based on tln-ir adaplability lor 
being assimilated.” 

This valuable memorandum traces the liistorvjd' the ilifferein scale- ol diet mr 
Indian prLons and gives their value.s in the priiteipai alimentary eon^titiienl 

Thus the Government of Bengal in iBfitl adopted certain .'><’aleson the recoin- 
mendation of Dr. Slouat. The inttn-esting point regttrding thesediet-, lor labouring 
and under-trial prisoners is that animal HhhI was iindudfsi. These die^^ appe.ir to 
have been in force in Lower Beng.il for eig ht een years. Their chiei t oitsiitiieiit.* 
are worth recording : — 

Rice 20'r)o/w. 2o-,'>o/.-. 

Moat PI „ Kish t‘ ! ,, 

Dal !•! „ ’ lUi P! .. 

Vogetahies 4*! „ {H-g ;; Uus), Vegeta iJe-, p| „ js-gnz-. .! «U\ t 

Computed by Lewis to be equivalent to practically 14 grammes of nitrogen 
or 87'50 grammes of protein daily. 

When compared with the scales of diet which Inue been mlapted bum the , 
English local prison scale for menofan avtu-age weight of J 10 lbs., it will be foiunl 
that the amount of nitrogen in each day’s food in the scale hir Bettgalis is preeihe! y 
the same as is contained in the “ adapted ” maximum .setde* grams, 'fhe 
amount of carbon is greater by over 8(K) grains. 

The diet scale fornatives of Behar is considerably more libera! as Jdojts, of 
wheat was substituted for 8 ozs. of rice. The chief constituente ttf tliese diets are 
also of interest : — 


Bice 

12' 3 

ozs. 

Bice 

12’ 3 

028, 

Wheat Ata 

10*2 

» 

Wheat Ata 

iO‘2 


Meat 

4-1 

„ (4 days). 

Pish 

4*1 

„ (tdayts). 

Pulse (Dal) 

2-0 

„ (4 days). 

Pulse (Dal) 

2'0 

„ (4 days). 


6-1 

„ (3 days). 


6’i 

,» (3 days). 

Vegetables 

4-1 


Vegetables 

4*1 

»* 


Computed by Lewis to be equivalent to 16*80 gramma of nitrogen or 105 
grammes of protein dmly. 
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In 1877 another Jail Conference was assenabled in Calcutta when it was found 
that such diversities existed as to the quantities and nature of the food given in 
different jails that it was deemed expedient to make an attempt to introduce a new 
scale of dietary. Excluding the recommendations regarding vegetables, fats, salt, 
etc., the following scale was laid down as a maximum for adult male prisoners 
sentenced to hard labour. 

26 ounces (including 4 ozs. pulse) of sifted flour, and 28 ozs. of grain in the 
case of wheat, rice or barley. 

Whenever it may be considered necessary 4 ozs. of meat or fish, or an equi- 
valent of milk, may be given instead of 4 ozs. of grain. 

As Dr. Lewis points out, the principal difference between these diets and those 
recommended by the 1864 Committee consists in the adoption of the principle that 
the issue of animal food shordd be left to the discretion of the local jail authorities, 
instead of making it a compulsory article of the labouring and under-trial dietary. 
On the whole there is practically but little difference between the recommenda- 
tion of the Committee of 1864 and of the Conference of 1877 so far as the ultimate 
chemical constituents of the dietaries are concerned; but a pound of animal food 
per week constituted part of the regular food approved by the former, whereas the 
latter left the issue of this article to the discretion of the local authorities. The 
Conference, however, increased the rice ration by four ounces daily when meat was 
not given, and the vegetables were increased by two ounces per diem. 

Lewis says that in March 1879 the Bengali and Behari prisoners were placed 
on the diet proposed by the Conference and he continues thus : “ During this year 

the health returns of the prisoners in Bengal were exceptionally unfavourable ; and 
*as the period during which the new dietary was in force coincided with the period 
of ■ma.YiTnnm mortality, it was concluded that the high sickness and mortality 
in this particular province was attributable to insufficient food. In consequence 
of this inference extra rations were issued from March 1880 to July 1881 when 
completely new scales of diets were introduced with the sanction of the Local 
Government.” 

In July 1881 the dietary scale introduced for Lower Bengal was 


Eice 

22 ozs. 



Pulse (Dal) 

6 

99 


♦ 

Vegetables 

6 

99 



Oil 

i 

9 » 


4 ozs. of meat or fish could be sub- 

Gram* 


> 

i 

r . , 1 

(■mormng meal | 

f stituted at the option of the jail 

or 


1 

1 

1 officer for 4ozs. of pulse on four 

Eice 

Molasses 

,4 

1 

»> 

\ ■ 

1 

! days per week. 

Tamarind 

4 

n 



Salt 

;s. i 





6 


The scales for Bengalis and Beharis were alike, with the exception that the 
staple cereal in the dietary of the Behari consisted of a mixture of 12 ozs. rice and 
10 ozs. wheat flour or a similar mixture of rice and maize. 

Lewis remarks on these diets that, “taken as a whole, the nutritive value of this 
dietary not only exceeds, under every heading, the ‘ adapted ’ scale, which has been 
prepared from English Local Prison scales, but, in most cases the amount of food 
actually issued is more than is given as a maximum dietary in either the convict or 
the Local Prisons in England and Wales. Computed on the English standard 
these scales should suffice lor men weighing considerably more than the average 
weight of natives of Bengal and of Behar — the Bengali scales lor a body- weight of 
from 123 to 150 lbs. ; and the Behari scales for persons weighing 140 to 172 lbs.” 

We need not follow Dr. Lewis in the discussion of these diet scales further than 
to note that he shows that, on a dietary much inferior to this 1881 scale, Bmana pri- 
soners were exceedingly healthy and over 85 per cent, gained in wmight. He further 
instances, as an illustration of the caution that should be observed in attributing 
exceptional sickness and mortality amongst prisoners to insufficient food alone, the 
experience furnished by the Punjab jails. The mortality in certain ol Ihe.so jails 
was unprecedentedly high although the special dietaries sanctioned w'ere practically 
double the ordinary scales. 

Further, the fluctuations in mortahty seem to occur quite irrespective of the 
nature of the dietary and no appreciable result followed the issue of specially liberal 
scales of diet. Nevertheless, as will be gathered from the records of the history of 
jail diets in India, there seems to have been a gradual increase in the quantities of 
the several food-stuffs sanctioned, in the majority of cases to meet exceptional sick- . 
ness and mortality, while the sanitary conditions were never thought of. The 
whole idea seems to have been to fortify the body against infection by moans of 
continually increasing the food intake — specially the nitrogenous intake— and no 
one at that time ever thought of making any attempt at removing the source of 
infection— at least we have no information of any such attempts. The teaching 
of Liebig had a marked influence in these increases of Jail diets and very great 
prominence was given to the necessity of increasing the albuminous or nitrogenous 
principles of food in proportion to the amonnt of work exacted, on Sie supposition 
that the nitrogenous, cMefiy muscular, tissues of the body are rapidly wasted as a 
result of exertion, and that the non-nitrogenous elements of food were simply useful 
in the production of heat. In the endeavour that had been manifested by many 
framers of jail dietaries to raise the proportion of the nitrogenous element a large 
addition to the pulses had been a favourite mode of meeting the requirements ; 
but, as Lewis pointed out chemical analysis, however exhaustive, can only 
afiord such information as will enable an approxitnate estimate to be formed of 
the nutritive value of any food, seeing it is not only what nutriment a particular 
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food-stufi contains that is of moment, but also what portion of it can be readily 
digested and assimilated by the body. He adds that it is very doubtful whether 
the increase in the nitrogenous elements by raising the proportion of the pulses — 
and specially if badly cooked — ^is of any advantage, and perhaps may even be 
injurious. 

Dr. Lewis concludes this critical study of Indian jail dietaries by expressing 
the opinion that, so far as the actual quantities of proximate principles are con- 
cerned, the scales sanctioned have not been insufficient. On the contrary, native 
labouring prisoners in every province in India have been, weight for weight, better 
fed than either convicts or other prisoners in England. He shows that the lowest 
scales are by no means associated with the most unfavourable health-returns, but 
that, on the contrary, in those instances where enquiry has been made, the results 
in this respect were even better than those associated with the most liberal diets. 
The diet that he suggests as sufficient for the maintenance of native prisoners in 
good health and at the same time compatible with the exaction of a fair amount of 
ordinary hard labour is : — 

Protein 3 ozs, = 85'08 grms. 

Carbohydrate .... 18| „ = 524’ 66 „ 

Fat 1-1| „ = 28- 36— 42-54 grms. 

with the usual condiments, salt, etc. 

This diet he bases on the maximum diet scale of English Local Prisons, 
correcting the several quantities for the diSerence in weight between English 
, prisoners and native Indian prisoners. It corresponds very closely to the diet 
given by Lyon for the Bombay House of Correction. 

Expressed in the manner given above as so many grammes or ozs. of alimen- 
tary principles we have no criticism to make : the scale is, so far as our knowledge 
goes, quite sufficient, in fact, probably greater than is necessary. It is the 
method by which these standards for native prisoners are arrived at, and the 
■deductions that have been drawn from their effects that seem to us fallacious. 

It is not possible to deduce a standard of diet for natives of India from the 
estimations of the proximate principles of dietaries that have been found suitable 
and sufficient for European prisoners. If the proximate principles of the materials 
TnaViTig up the Indian diets were absorbed in the same proportion as is the ease in 
■ European diets, we grant that this method of calculating their nutritive value 
and this estimation of the quantities required would be permissible. But the 
. absorbability of the ultimate alimentary principles of Indian food-stuffs is very far 
from being identical with that of European food-stuffs — at least when the former 
are given in the quantities necessary to make up the proper amounts of those 
principles. 
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So tliat to have estimated the amounts of protein, carbohydrate and fat in a 
satisfactory European diet and then, by calculations based on the chemical analyses 
of Indian food materials, to work out the combinations of those food-stuffs that 
will provide the identical amounts of protein, carbohydrate and fat, will give us 
a diet that, by chemical analysis, is identical as regards the quantities of alimentary 
principles present, but one from which a very dissimilar amount of nutritive 
material is capable of being absorbed. 

As we have already said — and to this poiut we shall have to return — even 
the comparatively inferior European food materials show an absorptive co-efficient 
of 85 per cent, while the superior Indian food-stuffs’ co-efficient rarely exceeds 60 
per cent, when they arc given in the quantities laid down in the jail dietaries we 
have examined. 

The fallacy therefore comes in that, in giving any of these dietaries vdiich have 
been framed to provide more or less identical amounts of the different proximate 
principles that have been in use in Europe, instead of obtaining a similar degree of 
absorption a very much lower amount of the nutritive value is made use of ; so 
that what is thought — lor instance, in a diet such as would be framed on Lewis's 
standard — to give a metabolism of over 70 grammes of protein pi'r man daily 
in all probability would really only give a metabolism of just about 30 grammes, 
of protein. 

As we shall have evidence to bring forward on this later, at present it is suf- 
ficient to say that one of the important causes of this poor absorption w the fact 
that, in order to provide a diet containing anything approaching the standards of 
European diets in proximate principles, so much of the Indian food materials 
has to he given that less than the optimum absorption talces place, the mtu'c bulk 
interfering with absorption. 

Another point which is clear from what we have said above in connection with 
diets framed on European experience, is that, having provided a diet of Indian food 
materials that contains a similar amount of the different alimentary principles, and 
having found by practical experience that such a diet is sufficient for all the physio- 
logical requirements of labouring prisoners, and knowing that thk Indian food diet 
only permits of say 60 grammes of protein being absorbed while the European 
(identical in proximate principles hut made up of different food materials) permits 
of 70 grammes being absorbed daily, it is surely possible so to arrange a dietary 
that it -will provide for the absorption of 60 grammes of protein and a sufficiency 
of aU other constituents without having to lose 20 grammes of protein per man 
daily as compared with the European prisoner. This also is a subject to which we 
have devoted a good deal of attention. 

While making these criticisms on the dietaries that have been framed ipt 
Indian prisoners, and particularly on the work of Xiyoa and Lewis, we have m 
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to detract from the value of their researches for which nothing but admiration is- 
possible. No work had been done in their time on the actual nutritive value of 
Indian food materials, i.e., the amount actually absorbed from the dietaries — a 
circumstance that clearly handicapped Lewis, and one to which he refers more than, 
once — it is not to be wondered at, therefore, that the framers of diet scales should 
make use of the only means open to them in their work, and base their stand- 
ards on those diets which had been found successful in practice. 

The next paper to which reference is necessary is an extremely able article*' 
on, and critical review of, the subject of Indian jail dietaries by Major E. J. : 
Macnamara, I.M.S., in 1906. This report, submitted to the Punjab Grovernment, 
was to some extent the starting point of the present enquiry as, in transmitting it 
to the Government of India, His Honour the Lieutenant-Governor of the Punjab 
enquired whether the Government of India were disposed to extend the investiga- 
tions to other provinces. 

In this very valuable report Major Macnamara deals more particularly with 
the diet scales of the Punjab, which he considers to be mtich too high, and sug- 
gests new scales of diet based on the work carried out by Dunlop on the Prison 
Dietaries of Scotland. 

In so far as our investigations touch the food-stufis in use in the Punjab we are 
in absolute agreement with Major Macnamara, and we can heartily endorse his. 
remarks on the dietaries of the jails of Bengal. 

For the same reason, but to a somewhat less extent, this most valuable 
report from other points of view, is not of much service in our investigations in 
Bengal. It deals to a large extent with the theoretical side of the question and 
with the framing of dietaries adapted to Indian jail conditions on the basis 
of those found satisfactory in Scotland. It difiers, however, in one important 
particular from either of the papers already referred to, in that the diets on 
which Major Macnamara has based his adaptations were worked out from the 
standpoint of the actual nutritive value of the food materials, and not from their 
gross chemical composition stated as so much protein, carbohydrate and fat. This 
we consider is the only rational method of approaching the subject of the framing 
of diet scales. It is futile to talk of the nutritive value of a diet — such as the 
Bengal diet — as being superior to an English standard diet, because it offers 42 
grains more nitrogen per man daily, if less than 60 per cent, of the nitrogen of that 
Bengal diet is absorbed whilst 90 per cent, of the nitrogen of the English standard 
diet undergoes metabolism in the system. It is because in India we are dealing 
with classes of food-stuffs largely different from those in use in European 
countriesi and inore particularly with very different quantities of any ingredient 

Hotes oa iBdiaiB Jail Dietaries witli special reference to the Punjab hj Major B* J, Macnamara,.. 

1906 .' 

. ^ ^ ' ' ' - ' ■ ;C ' ^ ' 
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common to the diets of both countries, and perhaps also with a people who have 
a low power of absorption as compared with Europeans, that we consider that any 
adaptation based on European experience is misleading and incorrect. 

To much of the valuable information contained in Major Macnamara’s paper 
we shall have occasion to refer when dealing with other parts of the enquiry, at 
present all that we need say is that, until the Punjab jail diets have been studied 
from the standpoint of their actual nutritive value, it is impossible to form any 
opinion as to their superiority or otherwise, compared with Major Macnamara’s 
adaptations based on the Scotch dietaries. 

With regard to the remarks of Lieutenant-Colonel C. J. Bamber, LM.S., Sani- 
tary Commissioner, Punjab, we cannot do better than quote his closing paragraph : 
“ In conclusion, I think it will be advisable before making any alteration in the diet 
scales of the Province to appoint a Committee to consider the diets of the people 
of the different districts of the provmce, to carry out experiments on the chemical 
composition and digestibility of the different food grains in use in this Province, 
and then, having fixed upon suitable diet scales, to try them first in one or two 
jails in this Province.” 

The last of the official papers coimected with this subject is the correspondence 
relating to the dietary in force in the Andamans. We shall have occasion to make 
use of the experience gamed as to the suitability of the diet scales in force in tliat 
Settlement when we come to consider the proper proportions of the differenf food- 
stuffs constitutmg satisfactory diets. 


The Scope of the Present Enquiry. 

The foUowieg extract from a letter from the Sanitary Commissioner witli tluj 
•Government of India to the Government of Bengal gives an outline of the w (trk 
required to be carried out : — 

“ To begin at once the investigation into the suitability of the diet scales pre- 
scribed for prisoners in the jails of Bengal. He should be required to est im ate the 
actual nutritive value of the different food-stuffs entering into the dietary of tlie 
prisoners ; this will involve — 

(1) Chemical analyses of the foods. 

(2) An estimate of the quantities of each proximate principle in the diet 

scales. 

(3) Chemicai examination of the excreta. 

(4) Chemical examination of the blood, 

(5) Also to enquire into the effects of the different kinds of dal on nutrition 

and on intestinal disorders. 
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(6) Tlie effects o£ tlie large amount of carbohydrate on nutrition and on. 
intestinal disorders. 

(7) The effects of the large quantity of salt which is at present given to- 
prisoners.” 

As will be evident a pretty extensive programme was outlined for our guidance in 
the investigations. Some of the points we have been barely able to touch on, while 
others have been very thoroughly enquired into. 

The estimation of the nutritive value of the dietaries has turned out to involve 
a very great deal of work and has taken up at least 90 per cent, of the time that 
could be allotted to the enquiry from official duties. This part of the work is by far- 
the most important and of the greatest interest. So far as India is concerned it is 
entirely new — except for observations * on four prisoners in the Presidency Jail, 
Calcutta, already referred to ; these were on prisoners who were getting fish in their 
diet and are not quite comparable with what is found in the case of a strictly vege- 
tarian diet. A good deal of work has been done on the Continent and in America 
on estimations of the nutritive value of separate food-stuffs and of mixed diets, and 
it was thought that by making use of the same methods as employed in those 
investigations, this part of the enquiry would be a comparatively simple matter. 
Such, however, did not prove to be the case ; it was found that new methods of 
investigation had to be devised, to meet the difficulties’ encountered in applying 
the old methods to diets composed almost entirely of vegetable matter and 
showing an exceeding low co-efficient of absorption. 


In the work hitherto done on the nutritive value of food-stuffs and dietaries 


in America and Europe the materials under 

investigation all show a very high 

percentage of absorption for the several proximate principles. Thus Rubner 

and Atwater’s f figures give— 


Meats 


Pish f . . . . 

. 91 — 95 % of protein absorbed. 

Milk 3 


Maize .... 

. O'" 

• • Q«/ /0 9 , jj, 

Eice .... 

• • /Q 35 33 

Peas .... 

• • 82|% ,3 53 53 

Beans .... 

. . 70 % 3> ,, 

Whole Wheat Bread 


Potatoes -j . . . . 


Cabbage ^ . . . . 

.61~81J% 3, 

Carrots J ... . 

• 

* Sctotifio Memoirs^ Ho. 34. 


t food aad the Principles of Dietetaos, B.. Hutchison, M.D. 

0 S 
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IViti-out going into detail of the investigations carried out on absorption in 
these countries we may say with Hutchison that, “ taking the general results of 
all experiments, it is calculated that the following proportions of the nutritive 
constituents will be absorbed from a mixed diet ”* 


Protein. Carbohydrate. 

Animal foods . . - 98% 100% 

Cereals and Sugars . . 85% 98% 

Vegetables and Fruit . 80% 95% 


Fat. 


^H7o 

90% 

90% 


Later experiments, particularly in America, appear to give lower figures 
specially for the cereals and legumes ; however, we may accept it that the co-efficient 
of absorption is very high. 

These results were obtained from experiments on batches of one, two, three or 
four men observed for one, two or more days. The batch was put on a “ basal ” 

4iet a known diet from which a known amount of protein, carbohydrate and fat 

would be absorbed ; then to the basal diet the food material to be examined was 
added. By calculation from the result of chemical analysis of the excreta before 
and after the new food material was added the co-efficient of absorption of the 
proximate principles is obtained in the usual way. This is the method — ini r(S- 
duced by Bryant and Milner— that we made use of in our investigations. It 
was modified to suit the special conditions of oul‘ work. 


By this method or others on the same lines, the co-efficient of absorption of 
the alimentary principles of the separate food-stufis composing a diet in Europe 
and America have been worked out, and fixed figures are publishe<l represent ing 
the percentage of protein, carbohydrate or fat that is absorbed from any of the food 
materials in use in those countries. Thus for protein according to Atwaterf wc find 
the co-efficient of digestibility given for the several classes of food as follows : — 


*1 

m I 

. j, co-efficient of digestibility 97% 

. I 
. J 


Crackers (biscuits) i „ „ 83—86% 

Vegetables . 

Fruit . . -i 

Legumes (average) „ „ (about) 76% 

The results of our investigations would appear to show that no fixed figures 
for the co-efficient of absorption — at least for protein — of the different food 

* HntoMawi, page 14, 

f Atwater : Storrs Agricultural Experiment Staiaon, Aimual E^rt 1 


Soups 

Meats 

Fish 

Eggs 

Cereals 

Bread 
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materials can be arrived at so far as Indian jail dietaries are concerned. The 
percentage of the protein absorption of the whole diets — and this applies to 
the individual parts composing the diet — was found to vary very largely with the 
actual quantity or bulkiness of the diet. 

In diet scales in force in America and Europe the question of bulk hardly 
comes into play — ^the diets are very much concentrated and are never sufficient in 
quantity to cause distension of the stomach, while the contrary is the usual 
condition in all jail diets in Bengal. This question of bulkiness is a very 
important one from the standpoint of the absorbability of a diet. It is an attribute 
common to all vegetable foods, and, when we say that the average weight of the 
food (cooked) consumed in a day by a Bengali prisoner is somewhere about 140 
ounces and its bulk more than sufficient to fill a good sized hand basin,* it is not 
to be wondered at that the diet is bulky out of all proportion to the amount of 
nutriment it contains. Nor is it to be wondered at that this bulk interferes with 
its digestion and the absorption of its proximate principles : this is due largely 
to the difficulty experienced by the digestive juices in penetrating such a mass, 
.and to dilatation and weakening of the walls of the stomach with an accompany- 
ing loss of power in passing the mass on and causing it to be mixed with the 
gastric juice. But, perhaps, even more important is the fact that the large 
mass stimulates and hastens the intestinal movements, so that the contents 
are hurried on — absorption being thus inefficiently carried out. 

We found very early in the investigation that the question of bulk was a most 
• important one from the standpoint of the nutritive value of the dietaries of Bengal 
jails. In fact, amongst the first set of experiments made were those in which 
the ordinary quantity of rice was increased in one batch of prisoners whilst in an- 
other batch it was diminished ; the results showed that increase of bulk, by the 
.addition of more rice, caused a diminution in the actual amormt of protein under- 
going metabolism whilst diminution in bulk had the opposite effect. It is not 
therefore, to be wondered at that, when we took the ordinary jail diet as our 
“basal diet” and added more of any one ingredient of that diet, instead of obtaining 
figures for the .co-efficient of absorption similar to those given by the observers 
above-mentioned, we got a negative quantity. Further, we found that by dimin- 
ishing the quantity of any of the ingredients, such as rice, not only was there an 
increase inthe relative amount or percentage of the protein absorbed,but that there 
was also an increase in the actual amount of protein undergoing metabolism. 
It was only after reducing the amount of the ordinary jail diet until the pro- 
tein absorbed from it approached the lower limits of nitrogenous equilibrium that 

^ Twenty-six ozss* of dry rice when cooked measure about 280D c*o.* even when Ughily packed in a 
^cylindrical glass measure. ' '' ' 
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we were able, by using Bryant and Milner’s metliod, to get figures for the co- 
efficient of protein absorption that were at all comparable with those of Rubner, 
Atwater, etc. 

We found that for difierent quantities of the food-stuff in the diets 
examined different proportions of their contained protein were absorbed, and that, 
instead of finding a figure that represented the percentage of protein absorbed for 
varying amounts of rice, wheat, dal, etc., for each separate quantity of rice, 
wheat, dal, etc., above a certain amount, a different percentage of its contained 
protein would be absorbed. This is a very different result from what would appear 
to be the case from the work of investigators in Europe and America ; but it is 
covered by a simple explanation. If we assume that 85 per cent, is the maximum 
of protein absorption possible on a diet of cereals and legumes, then, under ordi- 
nary physiological conditions, that 85 per cent, will be absorbed ; this is what takes 
place in the class of diets in which investigations on the co-efficient of protein 
absorption have been carried out in America and Europe — the quantities added 
to the basal diet have never caused the total diet to exceed the amount the 
stomach and intestinal juices were capable of dealing with. 

Now, when a gradual increase in the quantity or mass of the diet is mad<? , 
after a time there is reached a point at which the mass or bulk begins to interfert; 
with absorption, and any further increase causes greater and greater interference, 
so that there is a fall in the ’ percentage of protein absorption from the assumed 
86 per cent, to a much lower figure whose value depends on the greater or less 
interference that has taken place ; this is what we have foxmd to be the case in 
the dietaries of the Bengal jails — ^the quantities of the several food-stufis over-* 
step the physiological limits with the result that absorption is greatly interfered 
with and, instead of having an all round absorption of about 85 per cent, as 
obtains in Europe on vegetable diets, we have an absorption from the ordinary 
jail dietaries that barely touches 65 per cent. What is true for these diets as a 
whole is equally so for the different food materials composing the diets, whether 
these be rice, wheat ata or dal. 

Eor these reasons early in the investigation we had to give up all idea of dis- 
covering more or less constant figures that would represent the percentages of 
protein absorption from the different food-stuffs comporaig the jail dietaries. If 
such constants had been found then the arrau^ng of jail diets based on the real 
nutritive value would have been a fairly pimple matter. As owing to the above- 
mentioned circumstances this method was found impossible we next turned to the 
variations in the nutritive value of the diet scales as a whole in order to discover 
what combination of the several items of the diets gave the most favourable results, 
and in what quantities th^e seT#aliten^ should be combined. It will be fairly 
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•evident, assuming as before that 85 per cent, of the protein of rice is absorbed so 
long as tbe quantity of rice does not exceed a certain amount, that if we increase 
the quantity of rice beyond tbis amount, even if a smaller percentage of tbe 
protein is absorbed, tbe now greater quantity of protein from tbe increased amount 
of rice multipbed by a sbgbtly diminisbed co-efficient of absorption will give an 
actually greater quantity of protein undergoing metabolism in tbe body. Tbis 
will bold true up to a certain limit and when this is passed, tbe actual amount of 
protein undergoing metabolism will diminish instead of increasing as more and 
more rice is added to tbe diet. An illustration will make tbis line of reasoning 
dear : — 

Supposing 5 grammes of nitrogen in tbe form of rice to be tbe maximum 
amount from which full absorption takes place, then 5 X 0’85 = 
4*25 grammes is tbe amount of nitrogen rmdergoing metabolism. 

Now assume that for every increase of 1 gramme of nitrogen in tbe form of 
rice there is a fall of 10 per cent, in tbe co-efficient of absorption then : — 

6gnns. nitrogen x '75 gives 4" 50 grms. undergoing metabolism 

7 ,, ,, X 05 ,, 4 5d ,, 5, ,, 

8 ,, ,, X "55 „ 4'40 ,, ,, ,, 

SO that we obtain tbe maximum absorption in our illustration with 7 grammes, 
and tbe amount of rice present in tbe diet from which tbis maximum absorption 
takes place we may call tbe optimum amount ; of course, it is understood that all 
other constituents of tbe diets remain constant. 

Basing our investigations on tbis principle we have worked out tbe optima 
, amounts of tbe different food-stuffs made use of in tbe dietaries of Lower Bengal 
-and Bebar, and plotted our results out in the form of curves of absorption under 
varying quantities of each different food material whilst aU other constituents are 
kept constant. It will be readily admitted that, having found tbe particular 
quantities of tbe different food-stuffs from which tbe greatest amount of protein 
is absorbed, we have got tbe particular quantity of each food-stuff that is tbe most 
useful to tbe body, and, therefore, tbe most economical so far as that type of diet 
is concerned; and, by combining those quantities of tbe food-stuffs available in 
Bengal and Bebar, we get diet scales based on tbe real nutritive value of the foods 
of tbe country. It will be evident that investigations carried out on this plan 
entailed an immense amount of work as compared with tbe simpler methods in use 
in Europe and America. Instead of our being able in a few experiments to obtain 
tbe nutritive value of a “ basal diet ” and then add rice, wheat ata, different dais 
or makkai ata to it, and calculate from the percentage of the extra amount 
absorbed tbe co-efficient of protein absorption for each food-stuff, for every 
food- stuff a whole series of experiments bad to be carried out to obtain its curve 
-of absorption under varying conditions. 
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Thus for wheat ata in the Behar diet we had to arrange for a series of diets 
on the following plan : — 


0! Rice 
y Dal 

zVegetables 


^Constant + 


f a Wheat ata Diet I. 

I ^ >j )) ff- 

. ' c „ „ „ in. 

I d „ „ „ IV. 

[c „ ., „V. 


[ Eacli of these diets entailed one week’s woik ] 

a, h, c, d, and e are gradually diminishing quantities. And the same liad to 
be done to get the curve of absorption for the protein of rice and to a smaller ex- 
tent also for dal. To have done this for all the difierent kinds of dais in use w ould 
have taken months of work, and more time than we could spare ; it was, therefore, 
carried out for two of the principal dais, and by other metliods of investigation the 
relative nutritive value of the other kinds of dal was estimated. Besides investi- 
gations of this nature to discover the quantities of the food-stulls and the combina- 
tions of those quantities from which the maximum absorption is obtainable, many 
other observations on the effects of meat, fish, wheat ata on Bengalis, etc*., Wi‘re 
carried out. Some most interesting results wore obtained, amongst the more 
important of which were the influence that an animal protein extuts in causing an 
increase in the protein absorption seemingly out ol proportion to the amount of 
protein it contains, and the favourable influence that wheat ata has on prote.hi 
absorption when it is added in small quantities to the ordinary Bengali diet. 

We have discussed the nutritive value of Indian jail dietaries nearly always 
from the point of view of the absorption of protein, l(5aviug the carbo- , 
hydrates and fats out of consideration. This is due to the fact that prottun is of 
pre-eminent importance in a diet. Maijor Macnamara sums up the reasons 
for attaching much greater importance to protein than to tlie other proximate 
principles as follows : — 

1. A certain amount of nitrogenous substance must be present in all 

dietaries, and cannot be replaced by any other aliment. 

2. All nitrogenons articles of diet also contain carbon, whilst all carbon- 

aceous substances do not contain nitrogen. 

3. All diets composed largely or entirely of vegetable substances, such 

as are those of the natives of this country, are not likely to be deficient 
in carbon if the nitrogenous principles are present in sufficient 
amount. 


We shall have more to say regarding the excess of carbohydrate in the Bengal 
jail dietaries when we come to the work dealing with the composition of 
dietaries. 



At present it will be sufficient to point out tliat abundant experimental evi- 
dence bas accumulated to show tbat*tbe nutritive values of tbe fats and carbo- 
hydrates of food are almost proportional to the amount of energy that they can fur- 
nish ; consequently it is only important that the quantity of either or both be 
such that their total energy, when added to that of the protein of the diet, shall 
supply the amount required by the body. The maximum amount of energy that 
can be obtained by the body is not the total potential energy of the food con- 
sumed, since the potential energy of the corresponding fseces must be deducted. 
Furthermore, the body is not capable of completely oxidising the absorbed protein, 
the incompletely oxidised products being excreted in the urine, and the energy 
eliminated in this way must also be deducted. The net or actual energy- value to 
the body is the total potential energy of the food minus that of the corresponding 
fseces and urine.* In dealing, however, with the vegetarian dietaries in force in 
Indian jails another factor has to be considered with regard to the energy or fuel 
value of a diet ; this factor is the excessive fermentative processes in the digestive 
tract. Anyone who has experience of the effects of excessive carbohydrates in the 
diet will readily recognise the clinical features of excessive intestinal fermentation 
in the noisy eructations, flatulency, tendency to diarrhoea and colic and, above 
aU, the changes in the appearance and character of the fseces — soft from admixture 
with gas, and light brown to yellow in colour for the same reason — exhibited, 
sometimes in a marked degree, by the prisoners examined by us. 

This excessive fermentation of carbohydrates constitutes an important 
source of loss of potential energy of the diet, through the conversion of sugar or 
^starch into carbon dioxide and fermentative products of low caloric value, such 
as acetic acid, lactic acid, etc. 

This loss, which may be large in amount depending on the degree of fermenta- 
tion present, will reduce the fuel value of the diet very considerably, and may 
afford a likely explanation of the remarkable want of body fat in many of 
the ordinary working population of Bengal. The loss of fuel from fermenta- 
tion being so considerable that, although the diet is exceedingly rich in carbo- 
hydrate material, none or only a minimum can be stored and even in some cases 
where under-nutrition is well-marked, the body tissues are drawn on to meet the 
caloric requirements. This method of waste due to excessive carbohydrates in 
the jail dietaries of Bengal is, we believe, a most important factor and one that 
must be taken into consideration not only in calculating the fuel value of the diets 
but also in connection with the intestinal troubles that are so prevalent in Bengal 
jails and indeed amongst the people generally. 

So far as we know there is no method by which this loss can be even approxi- 
mately computed ; but that it is an important factor in reducing the fuel value of 

* The narrative re<|nireineiifc8 of the body. Benedict, American. J ontnal of Physiology, Tol* No. IV . 
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the food will be leadilj admitted ; and it, therefore, introduces a fallacy into any 
determinations of the energy requirements by the respiration calorimeter under 
conditions of excessive fermentation. 

No work has been done in India on the determination of the energy require- 
ments of Indians of different size, age, sex and degrees of bodily activity. Accept- 
ing that the law of the conservation of energy obtains in the human organism, 
such work will require the determination of the energy-output per day in terms of 
the total heat-output by means of the respiration calorimeter. Any calculation of 
the heat-value obtained from the food that is based on the number of heat units 
furnished by that food must, therefore, take into account the loss in the urine and 
feeoes, and the loss incidental to fermentation m the gastro-intestiaal tract. We 
have no observations on the total loss of heat in the urine and faeces of prisoners on 
auy ofj the diets investigated and, as stated above, there is no means of deter- 
mining the loss due to fermentation. 

We are, however, able to present the energy values of the different food-stuffs 
in use in the jails of Bengal determined by means of the calorimetric bomb. For 
these results we are indebted to the kindness of Professor Benedict of the Carne- 
gie Institute of Washington, Boston, who, on hearing of these investigations, at 
once offered assistance in the determination of the energy values of the food- 
stuffs. To Professor Benedict we desire to express our thanks for the kindly 
interest he has taken in the enquiry and for the help he has rendered us. 

We shall conclude what we have to say regarding the scope of the present 
•enquiry by giving a short, concise 

1 

Account of the work done. 

1. All the different food-stuffs in use in the dietaries of Bengal and Behar 
jails have been analysed. As will be seen from the tables of analyses this 
involved a good deal of labour ; but in addition to these', which were all carried 
out at the beginning of the investigation before work on nutritive value was 
commenced, we almost invariably analysed the different food materials entering 
into the composition of the dietaries whose nutritive value was being examined. 
'This was found necessary in order to obtain an. accurate estimate of the total 
. protein iutake ; the nutritive investigations beiug carried out during both the wet 
and the dry seasons of the year differences in the percentage of moisture caused 
•considerable varmtions in the percentages of the different proximate principles. 

This part of the work entailed about — 

300 Kjeldahl’s estimations of total mtrogen. 

180 determinations of carbohydrate. 


130 


M fat. 

50 

kf 

„ moisture. 

50 

n 
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In all 60 different samples of food-stuffs, obtamed from seven different 
jails in Bengal, were analysed. 

2. Investigations were carried out in tbe following Bengal Jails : — 

Presidency JaD, Calcutta; Central Jail, Midnapore; Puri Jail; Cen- 
tral Jail, Buxar; Central Jail, Bbagalpur; RancbiJail; 
Motibari Jail and Darjeeling Jail. Thus the different peoples 
of tbe Province were aU included. 

3. Tbe number of prisoners in the different jails wbo were under observa- 
tion in tbe investigations were : — 

Presidency Jail, Calcutta. 

5 prisoners under observation for 19 days. 


20 

99 

99 

99 

99 

36 „ 

10 

99 

99 

99 

99 

36 ,. 

10 

99 

99 

99 

99 

M „ 

10 

99 

99 

99 

99 

7 „ 


Total 55 prisoners investigated over a period of 112 days. 
Midnapore Jail. 

20 prisoners under observation for 19 days. 


Puri Jail. 

16 prisoners under observation for 18 days. 

8 „ ,, „ j, 1^ j, 

10 „ ,, ,, J, I 5J 

25 „ „ „ » 20 „ 

Tbewbole jail— about 200 prisoners— bas been under observation since 1st 
January 1909, about six months. 

Tbe prisoners have been divided into two batches, and each batch has been 
kept on a diet based on the information gained from these investigations. 

A report of the results obtained will be found further on. 

Motihari Jail. 

25 prisoners under observation for 16 days. 

Buxar Jail. 

20 prisoners under observation for 62 days. 


Bhagalpur Jail- 

20 prisoners under observation for 7 days. 


5 


>9 


it. 
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Banclii Jail, 

16 prisoners under pbservation for 14 days. 

Darjeeling Jail. 

13 prisoners under observation for 12 days. 

12 „ „ ,5 „ ,12 ,, 

1-2 J5 5J 5, 10 ,, 

In the work of investigating the nutritive value of Bengal Jail dietaries 
ve have had over 260 prisoners under observation for 350 days. During this 
;ime these prisoners were actually fed by us on a known diet, and their excreta 
jollected for analysis. 

4. Chemical analyses — 

(а) Determinations of total nitrogen — 1,950 — which in addition to 300 in 

food analyses brings the total Kjeldahl’s determinations to 2,250. 
[Every determination was done in duplicate in the analyses 
of the excreta.] 

This does not take into account a very large number of 
controls, nor the determinations of urea as nitrogen. 

(б) The total chlorides were estimated in every specimen of urine and 

faeces that came under examination — ^the total estimations would 
therefore be half the number of Kjeldahl’s determination, but to 
this must be added about 350 special salt-metabolism experiments, 
bringing the total up to about 1,500. 

(c) The free ammonia of the urine has been estimated on about 200 
different occasions. 

{d) A large number of observations have been made on the amount of 
urea and its relationship to the total nitrogen. These determin- 
ations were carried out by the Morner-Sjdqvist process as 
modified by Bodlker. 

(e) The uric acid, purin bodies and phosphates have ail come under 
observation during the investigation. 

6. Blood examinations-— 

A large number of blood counts and h®moglobin estimations have been 
done in connection with the effects of salt on the system. We 
have also made extensive enquiries as to the effects of large 
amounts of salt on body-weight, on the percentage of corpuscles in 
the blood, and on the percentage of chlorides in the serum ; but, 
as the methods of accurately investigating the percentage of cor- 
puscles requires much time and the use of an electric cenixifugal 
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. , mactme (wlxich. was not available in tbe different jails), no great 

i ' amount ; of attention was given to this part of the work on 

prisoners ; a certain number of observations were, however, carried 
out in the Physiological Laboratory on the menial staff and on 
animals. 

Methods of work. 

6. A short account of our methods is necessary in order to give some 
indication of the extent of the investigations ; and at the same time it will 
obviate any repetitions [in the account furnished of our results. 

, I. Analyses of Food-stuffs and Excreta. — The food materials in use 

in seven different jails in Bengal were analysed as regards their 
protein, carbohydrate, fat, moisture and ash. As will be seen from 
the tables of analyses, we were not content with a single .analysis, 
but made repeated analyses of the same sample to obtain an 
average that would be, as far as possible, absolutely accurate. To 
ensme this we estimated the protein in at least six samples — often 
more— of the food-stuffs from the different jails, and never 
accepted any result that departed more than 0‘5 per cent, from 
the average of the analyses closest to each other in amount. This 
we considered necessary as the food-materials are often con- 
taminated and it is difiS.cult to obtain samples absolutely pure — 
this remark applies particularly to the dais which are often mixed 
with one another. As will be seen, we were able to obtain results 
that are exceedingly close to each other, and may justly claim that 
the average percentages presented are, for the samples analysed; 
absolutely accurate. 

The protein estimations were all carried out ^the Kjeldahl 
process as modified by Bernard Dyer. A modification which we 
found of the greatest service was to add a few drops of a weak solu- 
tion of phenolphthalein to the cross-tube leading from the distilla- 
tion flask ; as soon as the ammonia begins to come over this indica- 
tor becomes red and remains so until all the ammonia is distilled 
over, when the colour disappears. By using this simple method a 
• greatsource of trouble in KjeldahTs process is eliminated, ws., a 
want of knowledge of the proper time to stop the distillation. _ It 
■willbeevidenttbattolaydownanydefihitetime,suchashalf-an- 
houx, as usually stated, is manifestly absurd : the time required will 
: depend largely on the source of heat used in the distillation, and 

furthermore, we found that different samples of the same substance 



often required different times for complete distillation of tte 
ammonia. To state that the distillation should go on until 
a certain quantity of fluid had passed over — one of the rules given 
for guidance — is fallacious. We found that very varying quantities 
of fluid passed over in different distillations before all the ammonia 
was collected. It is, therefore, most important to be able to say 
definitely whether at the end of half-an-hour or at the end of an 
hour, and whether we have distilled over 300 c.c. or 500 c.c. of 
fluid— that we have obtained all the ammonia from the sample 
and collected it ready for titration. This we are in a position 
to do by using the simple method, here introduced and made use 
of by us in over 2,000 Kjeldahls with the most gratifying results. 
We have no hesitation in saying that 99 per cent, of the protein 
estimations made in these investigations, in which two or more 
samples of a mine or faeces were put up, the residts obtained tallied 
within a decimal p’ace of each other, and in a very large pro- 
portion absolutely identical results were obtained. We have found 
that with proper care and by keeping the conditions the same the 
most accurate results can be obtained. As a proof of this we were 
able to point out to a firm of manufacturing chemists that their so- 
called pure sulphuric acid contained a smal percentage of nitro- 
gen which they subsequently admitted to be the case. This we 
discovered from a comparison of the results of controls made with 
this acid and that formerly in use. Estimations of the nitrogen, 
in weighed samples of pure urea gave similarly accurate results, 
when the distillation was stopped on the loss of the red colour 
of our indicator, • 

Estimation of the ammonia of the mine 

I. The method followed in every instance was that described by Nencki 
and Zaleski in which the urine, after liberataon of all free ammonia 
by the addition of ! ime water, is distilled m mcuo at a temperature 
not exceeding 60®0. Here again we found the addition of a few 
drops of our colour indicator of the greatest service in intimating 
when the ammonia began to come over, and when all was over. 
It simplified and shortened the whole process, bmdes affording 
trustworthy evidenee that we had obtained the full amount pos» 
sessed by the sample examined, and that ota results were aocineate* 
The analyses and estimations of other consHtuents of the utine 
' ;■ and fs^es; were, done by the ordinary' :inethods described in text-' 
,'ybooks;and''oall''f6rAO'',bonnnent'from'.u0L' ' '-y , '■ 
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The Carbohydrate of the food-stufEs analysed was estimated 
by completely changing aU the carbohydrate material into sugar 
by the action of hydrochloric acid, and then estimating the per- 
centage of sugar by Fehling’s method, checking the results by 
the Pavy-Fehling method or the Piero- Saccharometer. 

The Fat was estimated in the usual way by means of 
a slightly modified Soxhlet apparatus manufactured to our 
drawings by Messrs. Baird and Tatlock, London. 

The moisture and ash require no comment. 

II. The method of procedure when we came to investigations on prisoners 
was almost invariably to use as our unit a batch of five picked 
prisoners — in a few cases we had lour in the batch, in some 
six and in some ten. The excreta from these five men — or from 
the batch — ^were pooled, and in every case two samples of the urine 
and two of the faeces — ^when examined — ^were put up for nitrogen, 
and a sample of each for chlorides ; one of the urine for ammonia 
and sometimes the urea, phosphates, purin bodies, etc., of the 
urine were also estimated. The specific gravity and reaction of 
the urine was always taken. The weight of the prisoners making 
up the batch was taken every day ; it was noticed that while 
individual prisoners varied in weight from day to day, the average 
weight of the batch after the first three or four days remained 
practically constant. 

The prisoners to form the subjects of the investigations having 
been chosen, were isolated from the other prisoners. In the larger 
jails we were able to make use of a block of cells with a common 
yard where the work given to the prisoners could be carried out, 
and where they were able to get air and exercise while at the 
same time the facilities for feeding and collection of excreta were 
much .greater than was the case in the smaller jails. In the 
smaller jails a large block of cells was not available for this 
purpose ; we were always able* however to obtain some godo wn 

or store for the isolation of the batches. 

The next step was to put the batches on the diet that we wished 
to investigate. This was usually done for some days before any 
collection of the urine and faeces for analyses was made, in order to 
give time for the proper amount of protein to be absorbed and 
nitrogenous equilibrium to be established, and to allow of the usual 
increase in body-weight which we found to occur when the 
prisoners were filst put on a diet weighed and distributed by us. 
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At every change of diet the same routine was observed, i.e., 
the prisoners were kept on tbe diet two or more days before collec- 
tion of tbeir excreta for analyses. 

III. The feeding of tbe prisoners was carried out on tbe following plan : — 

Tbe amount of eacb separate item of tbe diet was weighed dry 
before cooking, again weighed after cooking, and then distributed 
to eacb separate batch of prisoners under observation. Any cooked 
food that remained uneaten was weighed, and its amount in the 
dry form calculated and subtracted from the total dry material of 
the diet. The total value of the diet in proximate principles 
was then determined by analyses of the food materials actually 
in use at the time of the experiment. 

IV. The coUection of the excreta : — The pooled urine and pooled faeces 

of the prisoners forming the batch were collected, measured — or 
weighed as the case may be — and samples were taken as required. 
This was done usually for five days, sometimes more, for each 
set of observations. 

In the investigations carried out in Calcutta, there was no 
difficulty as the excreta were sent to the laboratory every morning ; 
but for Jails hundreds of mdcs away from Calcutta we had to make 
special arrangements. The plan that we finally adopted and which 
gave very satisfactory results, was to have the urine and faeces 
measured or weighed, as the case be, on the spot and samples put 
up at once : for nitrogen with the usual amount of pure sulphuric ' 
acid; for ammonia with calcium hydrate; for urea with 
the barium hydrate and cMorate mixture, then the ether and 
alcohol solution was added : the fgeces were weighed, thoroughly 
mixed and samples weighed and put up with sulphuric acid for 
nitrogen ; or dried, weighed, and put up. By followiag this method 
we eliminated aU source of loss of nitrogen fifom decomposition, 
and were able to make a week’s collection before sending the 
samples to the lahbratory. Thi» was a matter of some importance 
for some of the Jails dealt with were over 300 miles from 
Calcutta — one being, 411 miles away. 

The samples obtained in this way were collected in reagent- 
bottles with ground-in glass stoppers ; for safety, the stoppers were 
sealed and tied tightly in, and the bottles were packed in a parti- 
tioned box — a partition for each bottle — with saw-dmt^ and care- 
fully guucded the whole way to the laboratory to prevent breakages.. 
We had practically no breakages with these samples. 
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In the Presidency Jail, Calcutta, Midnapore Jail and Puri Jail 
we estimated th.e total nitrogen of both, urine and fseces. In tie 
remaining jail we decided to rely on the total nitrogen of the urine 
for our results. Our reasons for so doing were that we found a 
good deal of difficulty in separating the faeces corresponding to the 
diet given, owing to the fluid character of the stools. It was 
also very difficult to deal with the large volume of faeces passed 
by the prisoners, and the unpleasant nature of the work was a. 
serious source of objection to its being properly performed. 

Our main reason, however, for giving up the faeces estimations and relying on 
the urine — thus following Chittenden’s method — was that we found that, so long as 
the prisoners were healthy and taking their food properly, very similar results 
were obtained whether we worked with the faeces or the urine. 

In order to make allowance for the nitrogen that had undergone metabolism 
in the body but was eliminated by the skin, or in the stools in the remains of the 
digestive juices and intestinal debris, we decided to add 0'5 gramme of nitrogen 
per man daily to the total nitrogen of the urine. This may be a little too low, 
but it does not affect the results to any appreciable extent. 

As indicated above, we had to eliminate all source of error by examining only 
prisoners in good health and at once rejecting anyone who showed signs of 
sickness- On several occasions we have rejected a whole batch and the work done 
on it for this reason. 

Another factor that we had to take into consideration was the gain or loss 
in body- weight. Although it is practically certain that, in a very large proportion, 
of cases, a temporary gain in body- weight is not accompanied by a retention of 
nitrogen, but is due to retention of water or storing of fat, still we decided to reject 
ah observations— in which the urine was relied on— when anything more than a 
trifling difference in the average weight of the batch existed between the first and. 
last day of observation. As a matter of fact while there was, in every instance, a 
gain in weight as soon as the prisoners were placed on a weighed-out dietary, after 
the fiist few days the average weight of a batch remained practically constant. 

In this connection the very large bulk of the stools passed and their average 
weight was a very marked feature ; furthermore, it was noticed how very similar 
the percentage of nitrogen present in the mixed faeces of a batch was from day to 
day whatever the weight the stools happened to be, or whatever the diet given. 
This has been observed by other workers* and, without pressing the point,' it was 
found that the percentage of nitrogen of the faeces was fairly uniform under 
different conditions, while the amount of total nitrogen varied largely with the 
total weight o f the stools passed. 

^ pratismtz, SSeitsehl l,Biologie.l807./ 


'B 
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We have now traced the history of Bengal Jail dietaries as recorded in the 
excellent papers cited, and indicated the different factors that led up to the pre- 
sent investigation. We have given in brief outline an account of the scope of 
the present enquiry with some discussion on the difficulties to be overcome, and 
an indication of the way in which we have attempted to arrive at the nutritive 
value of jail dietaries and their modifications. We have discussed what the real 
value of a diet consists in, mz., the amount of nitrogen it presents that is capable 
of absorption and assimilation, and the amount of energy it is able to furnisii 
(deducting that lost to the body in the urine and fseces, and the important loss 
from excessive gastro-intestinal fermentation). We have given a short resume of 
the present investigations carried out on the different races of people examined 
in the several jails of the province, with a> description of ou methods of work. 

Nothing now remains but to give an account of the results obtained with the 
conclusions at which we have arrived. In doing so we shall approach the sub- 
ject as “ independent enquirers seeking the truth unconcerned where the evidence 
may lead us, and shall endeavour to put all aspects of the question that come 
before us in an equally strong light.” 

Before proceeding to do this it is our pleasing duty to tender our best thanks 
for the kindness shown us, the interest taken in the work, and the able assistance 
in its fulfilment, invariably given us by those officers of the Jail Department in 
Bengal, with whom we have come in contact during the investigations. 

The Inspector-General of Jails, Lieutenant-Colonel W. J. Buchanan, 
has earned onx best thanks for smoothing the path and giving us a free hand to 
make use of the jails as we found necessary. To the Superintendent of the Presi- • 
dency Jail, Calcutta,— -Major Mulvany, I.M.S. — we gave much trouble by 
continually asking for prisoners, he never resented our doing so, but, on the 
contrary, was always willing to give us every assistance in his power. Captain 
Mackelvie, I.M.S., of the Puri Jail, has given usnauchhelpin ourworkinthat 
jail, and kindly undertook to supervise the six months’ experiment on the whole 
population of his jail. Captains GiUitt and Hamilton of the Behar Jails assisted 
us very ably in the work on the Behari — sometimes much to their own incon- 
yenience. To Major Maddox, LM.S., of Eanchi, we are specially indebted for 
information concerning the aboriginal tribes investigated in Eanchi Jail 

Lastly, we have to thank Mr. Piffard, Superintendent of Darje#ng Jail, for 
maMttg things easy for us among the representatives of the more truculent tribes 
of the hills. 

Il, To Professor B. Moore of the Bio-Chemical Department of Liverpool IJniver- 

sity we owe a debt of gratitude for much adviee regarding some of the more 
knotty pomts that turned up durmg the wu^ 
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. CHAPTER L 

The Food-Stuffs of Bengal Jail Dietaries. 

Tlic food materials in use in the Bengal Jail dietaries are all derived from the 
vegetable kingdom ; so that, for the time daring which they are under confinement, 
the prisoners are strict vegetarians. No animal food of any kind enters into their 
dietaries, except in hospital and in certain chcumstanees which will be referred to. 

These food materials consist of rice, different dais and vegetables in Lower 
Bengal, and rice, wheat ata or makkai ata (maize), different dais (pulses) and vege- 
tables in Behar. The rice in use is of two kinds — Burma rice and Country rice. 
Burma or Rangoon-rice, the so-called “ white ” rice, is prepared dicect from the 
unhusked “paddy” ; it is milled by machinery and the husk together with the 
pericarp and surface layers of the seed is removed. The result is a clean white rice 
grain, deprived to some extent of its outer layers and therefore slightly also of its 
protein and mineral constituents. 

Indian or Country rice is prepared by soaking the “ paddy ” for from twenty- 
four to forty-eight hours in water, then transferring it to lightly covered cylinders 
in which it is steamed for from five to ten minutes ; subsequently it is removed 
to open paved — usually sun-baked mud — courts and dried by exposure to 
the sun. It is either stored as “ paddy ” or milled at once. 

The sample obtained by this process is of a yellowish-brown colour, usually 
very dirty from contamination with dust and earth acquired during the drying 
process. The outer layers of the gram are not lost so that, weight for weight, it 
should contains more protein than Rangoon or Burma rice. 

Reference to our table of analyses of the food-stuffs will show that we did not 
find the country rice to contain a higher percentage of protein than Burma rice. 
This is probably due to the much greater contamination of the former with foreign 
material. Our analyses represent the composition of the food materials as 
received from the different jails, and as those materials are given to the prisoners. 
They were not put through any preparation such as drying, cleaning, etc., but 
were simply analysed as received. Rice forms by far the greater proportion of 
the ordinary jail diet. The following are the scales in’ general use in Bengal Jails 


In Lower Bengal. 1m Beiiar» 


Burma or Country rice 

26 ozs 

16 OZB. 

Different dais . 

. . • « • 6 

6 „ 

Vegetables 

» 6 „ 

6 „ 
10 „ 
ot 

Wheat ata 

* » • • * 

or 

Mahkai ata . . • 

# * f • * 

27 

12 .. 


T> ^ 
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nice is the poorest of all cereals ia protein ; when cooked it swells np and absorbs 
about three and a half times its weight of water, some of its mineral constituents 
being dissolved and lost when the boiled rice is strained. Very little of 
the protein is removed when rice is boiled in a large quantity of water and the ex- 
cess of water drained off — the ordinary method of cooking rice in Bengal 
jails. From analyses of the dramed material there appeared to be a loss of about 
>0*20 per cent, proteia. 

The percentage of starch m rice is high, up to about 80 per cent. This starch 
is present in small and easily digested grains. Fat is very deficient in rice. 

According to Contmental authorities,* practically none of the starch of rice 
is lost from non-absorption, but the waste of protein amounts to about 20 per cent. 
These figures, however, were obtained from dietaries in which the quantity of rice 
given was only a few ounces — a very different thing from a diet containing twenty- 
six ounces, so far at least as absorption of protein is concerned. 

The different dais in use in Bengal jails are : — 

Mung, Gram, Mottar, Arhar, Massur and Kalai dais. They belong to the 
natural order Leguminoseae and are chiefly characterised by their richness in pro- 
teia, being termed for this reason “ the poor man’s beef. ” The chief protein of 
pulses is legumint which closely resembles casein of the milk in its composition. 
It is by the addition of dal to the diets in Bengal that their deficiency in protein is 
made up. The amount in the dietaries has undergone a gradual increase and is 
■over six ounces per man daily. 

As will be seen from our analyses the percentage of proteia is uniformly high, 
but varies in the different kinds of dal m use — ^Mung and Massur containing up to^ 
26 per cent., Mottar and Kalai somewhat less, and Arhar and Gram dal 
less still, in round numbers about 20 per cent. Wlien cooked, dal in whatever form 
takes up a large amount of water, usually at least three times its own weight, 
This increase in water means a corresponding increase in bulk and must, therefore, 
be taken into account in considering the real nutritive value of this form of food. 
Investigations J on the absorption of pea or lentil flour, properly cooked, show 
that the protein is all taken up except about 8 or 9 per cent. If, however, the 
pulse is not given in a state of fine division, as when the lentils are simply boiled 
till they become more or less soft— the method of cooking in Bengal prisons — the 
loss- of protein has been found to rise to 40 pet cent.f In Lower Bengal, rice, dal 
and vegetables make up the whole diet — the only variations possible being the 
ringing of the changes in the different kinds of dal 

We have already referred to the value of th is diet as regards its digestibility 
and absorbabflity. We know that if the bulk of a vegetable food given be small 

,■ ' K<«naga'«r-a,yiroli6w’8 Archiv, GXVL , , ■ ' —r—— 

t A naeleo-albumin (Jialy’B Jabres-Berichti, 868 HutoiiiBOJtt, page SS9. 
JStratapeU, Beat ArBhiv. larf. 1876. 
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and the proportion of contained cellulose scanty, digestion is very complete and 
that under contrary conditions, low absorption is to be expected. Unfortunately 
the dietaries of Bengal jails are very bulky and contain a large amount of cellulose 
so that digestion and absorption is very imperfect : we have rarely found more 
than 65 per cent, of the protein of the ordinary jail diet absorbed when the 
full diet was consumed. This is in general agreement with the findings of other 
observers as the following table, compiled by Hutchison, shows : — 

Relative absorption of the protein of various foods— 


Diet. 


Meat . . . . 

Lentil flour 
Dried peas 

Beans . . . . 

Potatoes 

Lentils (soaked and boiled) 


Protein not absorbed. 


. 2-3 
. 10-5 
. 17-0 
. 30-3 
. 32-0 
. 40-0 


per cent. 

35 

33 39 

>3 39 
33 93 

33 39 


The fact that in Bengal jail diets the absorption of protein is on an even lower scale 
than that given in the above list can be quite satisfactorily explained by the ex- 
treme bulkinesa of the prisoners’ full diet when cooked ; as evidence of this we find 


that diminution in the bulk of the diet is at once accompanied by an increase in 
the percentage of protein absorbed. 

One factor in the causation of this deficient absorption of protein, besides those 
already referred to, is that the presence of a large amount of starch in the intestines 
appears to be unfavourable to the absorption of protein. 

Hutchison attributes this to the fermentation of part of the starch leadmg to 
the production of acids that unduly quicken the intestinal movements, and hurry 
the contents through the small bowel where absorption is most active, into the 
large bowel where absorption is at a minimum. 

That active fermentation does take place on jail dietaries there is plenty of 
evidence to show, and there is no doubt that one reason why a diminution in the 
bulk of these diets is followed by an increased protein absorption, is that the exces- 
sive fermentation is lessened, and the intestinal contents are not so hurried on, 
more, relatively and actually, of the protein of the diminished diet being absorbed. 
According to Htitchison the total capacity of an ordinary sized European stomach 
is about 1,200 grammes and the weight of the ordinary cooked jail diet is at least 
4,000 grammes, 80 that the stomach would he required to he filled to the extreme 
limite of its capacity three times a day in order to get through the total amount. 
Of course the habitual ingestion of these bulky diets leads to distension of the 
stomach and bon^els with a consequent disproportionate abdominal development. 
This increase in the capacity of the stomach allows of more food being taken 
and also, when the bulk of the food is decreased, ^ves rise to the feeling, 
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for a time, of non-satisfaction and hunger. This, however, soon passes oil 
when a more nutritious diet is prescribed, the stomach returning to something 
like its normal capacity and the feeling of emptiness disappearing. 

The wheat ata or flonr of the diets for Behari prisoners is prepared hom the 
whole grain by prison labour by means ol small grinding stones. If a grain of wheai» 
be cut and examined microscopically, the following parts can bo made out 

1. The germ or embryo representing about To per cent, of the whole gmsn. 

•i. The kernel or endosperm consisting of two large massc's of nutritive 
material. It makes up So per cent, of the giain. 

3. The bran— an outer envelope composed mainly of cellulose impregnated 
with mineral matter. It forms about 13M per cent, of th(‘ grain. 

In the method of stone grinding the bran is removed, the meal or Hour consisting 
of the products of the germ and endo.spcrm together, 'rhe (‘xHusion of the bran 
from the flour entails a loss of mineral matter and some protein Iroui the inner ur 

aleurono cells. 

This flour is baked into ‘Nihuppatics” of dilTermii siz.'s five ounces ol \\ heat 
ata providing about six and a half oimees of “chuppaf ies.’’ 'IIk' “iduipputie” U 
Eon-aerated and is somewhat of the appearance of a thick pancake.^ 

The chemical analyses ol the wheat sent from the <!ilTerent jails show gnsiter 
variation than any other of the food materials. This u as largely due to t he v.t ry - 
ing amount of moisture and to the amount of contamination present ; some of the 
samples were coarse, dirty and badly cleaned, and naturally gave hnv results. ^ It Is 
quite probable, however, that wheat grown in dilTercai di.stricts shows variatmn iw^ 
chemical composition. This is a side of the ({uestion which we did not investigate ;* 
neither did we seek to distinguish between the diiterent sorts of wheat grown in 


Bengal and Behar. 

In wheat we get the closest approach in the percentage of its pro.xinwtt^ prin- 
ciples to the ratio of nitrogen to carbon essential for a suitable diet. 

Further, the fact that it does not when cooked absorb a high percentage of 
moisture enhances its value compared with other cereals and particularly with rice. 
It would, therefore, appeal probable that large quantities of “ ehuppaties ’* could 
be consumed without danger of their bulk interfering with absorption. This 
maybe true if they were given alone or with a coneentrated form of food such 
as meat, fish, etc., but it does not hold good for the combination exemplified in the 
dietaries of Behar jails. 

We found that, combined with constant quantities of rice, dal and vegetables, 
up to about ten ounces of wheat ata per man daily the absorption was at a maxi- 
mum ; beyond this amount a diminulaon in the amount of protein underpmit 
metabolism took place. Whether this would be the case if the wheat ata were 
baked and aerated by European method we are not prepared to say ; but there 
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■can be no doubt tbat tbe tougb, tenacious “ cbuppatie ” is less easily penetrated 
by tbe digestive juices than is tbe lighter, aerated bread of Europeans. When 
cbuppaties are given in fairly large amount with large quantities of rice, dal and 
vegetables there is much waste, and our results show a ‘percentage absorption of 
protein in tbe Bebaris very little better than is found in prisoners in Lower Bengal 
where wheat forms no part of tbe diet. Of course tbe Bebari dietaries contain a 
very much larger quantity of protein than Lower Bengal diets, so tbat tbe actual 
amount of protein undergoing metabolism per man daily is greater. 

Makkai — Indian corn or Maize ground to flour — forms part of tbe diet of 
Bebaris during some seasons of tbe year. Twelve ounces replace ten ounces of 
wheat ata, when makkai is available, in tbe ordinary jail dietary. It is prepared in 
tbe same manner as wheat ata and is similarly baked in tbe form of small, very 
thick, masses with little cohesion. Our investigations show tbat its protein is quite 
as well absorbed but it does not contain so high a percentage of protein as wheat. 
It is not liked nearly so well by tbe prisoners ; they complain tbat it gives them a 
sensation of weight in tbe stomach and heart- burn. In Darjeeling jail makkai is 
given in tbe form of porridge, which looks much more digestible than tbe bard, 
gritty masses of the Bebaris’ diet. Tbe results, however, are not very dissimilar 
although to some extent in favour of tbe Darjeeling method of cooking. 

Tbe ordinary vegetables in season are used in tbe jails. Each jail has usually 
a well-managed vegetable garden so tbat good vegetables are nearly always to be 
bad. 

W e made no variation in tbe amount of vegetables sanctioned — six ounces per 
man daily — ^we accepted this scale as quite sufficient. 

Tbe following tables give tbe percentage composition in proximate principles 
of tbe samples of food-stufis received from tbe different jails. 

Special attention was paid to tbe question of tbe amounts of protein present — 
tbe most careful precautions being taken to obtain accurate results for tbe samples 
analysed. Tbe analyses made from tbe same sample gave practically identical 
results. 

In Table Gr we have given tbe average composition of all the different food 
materials obtained from tbe several jails of Bengal, with their beat value in calories 
per ounce calculated from tbe percentage composition of tbe proximate 
principles, and also as obtained by actual determination from tbe food-stuffs. 
The calculated heat value wiU be seen to be somewhat lower than tbe beat 
value determined by Professor Benedict from samples sent from India. 

This is what would be expected ; we have calculated the beat value on tbe 
percentages of tbe protein, carbohydrate and fat present, taking no notice of 
non-digestible material, whereas tbe experimental method gives the total beat 
value for eveiytbing combustible in tbe sample. 
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Tlie calculated heat value, therefore, gives the net amount available to the 
economy after absorption, while the determined heat value gives the gross 
amount available in the sample. 

It will be evident how very closely the figures obtained by the experimental 
method and by calculation correspond to each other when due allowance is made 
for the presence of non-digestible combustible material as cellulose, woody-librt^, 
chitinous coverings, etc., and for the difference in the percentage of moistui-t* 
present in the samples analysed by us and those examined by Professor Benedict 
in America. "We give the necessary information in a note appended to Table G, 
and, at the same time, we desire to express our best thanks for the valuable 
assistance Professor Benedict has given us and also for much kindly advice. 

Chemical Analysis of Pood Stuffs of Bengal Jails. 


TABLE A. 

I. Peesidency Jail, Calcutta. 
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TABLE A — contd. 

I. — ^Pebsidency Jail, Calcutta. 


I’ood-stuff. 

proximate 

principle. 


Number of analyses oareied out. 

Moisture 
per cent. 

Ash 

per cent. 

Average 

percent^© 

Composi- 

tion. 

1 

2 

3 

4 

5 

6 

r 

Piotein 

. 

23-98 

23-87 

24-12 

24-18 

23-82 

23-88 

10-54 

3-86 

23*9 

1 

Mung Dal . i 

Carbohydrate 


52*7 

53-8 

52-4 

-• 





52*9 

1 

• Fat . 


3*55 

3-87 

*• 

** 

•• 

•* 



3*7 

r 

Protein 


19-35 

19-43 

19*46 

19-81 

19-46 

19-73 

9-97 

3-82 

19*5 

Gram Dal . 4 

Carbohydrate 


49-8 

49*03 

48-4 

.. 

.. 

- 



49*0 

i 

Fat . 


4-3 

4*5 


•• 





4*4 

r 

Protein 


21*50 

21*59 

21*37 

21-43 

21-33 

21-38 

9-66 

5*23 

21*4 

Ariiar Dal . -( 

Carbohydrate 


64-30 

64*60 

54-80 

•• 





54*5 

[ 

Fat . 


3-60 

3-55 

** 

•• 

•• 

.. 

•* 


3*5 

f 

■ Protein 


21-56 

21*78 

21-68 

21-56 

21-68 

21*68 



21-6 

Mattar Dal . ^ 

Carbohydrate 


52-80 

53-30 
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.. 


•• 


.. 

52-9 

1 

, Fat . 


1-99 

2-04 

•• 

-• 

*• 

•• 


* • 

2-0 

. 


TABLE B. 

II.— Midnapoee Jail. 


Food-stufi. 


Number of analyses carried out 

Moisture 
per cent. 

Ash 

Average 

percentage 

principle. 

1 

2 

3 

4 

5 

6 ” 

per cent. 

Composi- 

tion. 

r 

Protein 

6-80 

6-93 

6-81 

6-62 

6-98 

6*68 

9*45 

*96 

6*8 

jaice (Coarse, I 
Country, i 

Carbohydrate 


average 




.. 



78*8 : 

Balasore) . I 

Fat . . 

•83 

*91 


•• 


.. 


•* 

0-8 

r 

Protein 

25-68 

25-62 

25*46 

25-49 

25-51 

’ 25-54 ' 

9*80 

2-61 

25*5 

Massnr Dal . -! 

Carbohydrate 

54*2 

54*4 

54-6 


■ •' . 

.. 


.. 

54*4 

1 

, ' Fat . 

3*13 

3-45 

’•* ■ 

•* 

.. 



•* 

8*2 

r 

Protein 

23*46 

28-25 

23-56 

23-37 

23*50 

23-46 

11-29 

4-06 

23-4 

Mnng Dal • ) 

“Green Variety” < 

Carbohydrate 

63-80 

58-20 

53-95 

54-01 

*■* 




53-7 

i 

. Fit . '' .. 

2-17 

2-08 

•• 


*• 




'2-1'' 


' Protein . • 

20-23 

20-31 

20-33 

20-75 

20*31 

■ 
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9-78 ■ 

j 

3*78, 

20-4 


Carbohydrate 
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50*70 

•• 



1 

. . . , 1 


^ '50-^, 


. Fat . • • 

4-05 

4-02 

’ ’ 






,/a-o: 


E 
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TABLE B — Gontd. 
II.— Midnaporb Jail. 


Food-stuff. 


alBal < 
eirl). .1 


Wheat ata 


]STum:bbr of analyses O-abrieo otri. 


! piineiple. 

: 1 

tf> 

3 

* I 

! 

5 

j per cent. 

« 1 

*1 Piotein . 

. 22*20 

22*22 

22*21 

22*35 ! 

1 

22*18 

22*32 j 10*73 

j Carbohydrate. 

57-40 

58*00 

57*80 


•• ! 

1 

J; Fat 

. ; 1*02 

1*10 


• • j 

1 


'1 Frotein . 

: i 

• 12*35 

12-31 

12*08 

12*35 ^ 

12*06 

12*13 13*61 

Carbohydrate. 

. 

average 


1 

i 

•• 

.. 

J Fat 

. > 2*22 

2*42 

2*38 

1 


.. 1 


: Average 

Moisture Ash j perceatago 



TABLE C. 

III.— Motihaki Jail. 



Froxiinat© 



Food-stuff. 

principle. 

1 

2 

r 

Protein 

6*80 

0*70 

Bice (Country) i 
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1 

Fat m * * 

*80 
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badly cleaned 
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.Carbohydrate 

Fat . 
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[ 
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1 

.1 Fat ' , ; , . 
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f 

- , Protein 
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' 1 
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j S*32 
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TABLE D. 
IV.—PuBi Jail. 




Ktjmbbe of analyses caeried out 




Average 


Broximat© 

principle. 







Moisture 
per cent. 

Ash 

percentage 

Composi- 

tion. 

food-stuff. 

1 

2 

* 1 

4 

5 1 

6 

per cent. 

f 
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6*87 
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i 

.. 
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1*59 

6-9 ^ 

Bice (new Ba.la -{ 

Carbohydrate 


average 

1 
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Foo.a-stTija. 


Pioxfeate 

priiaciple. 


TABLE E. 

V. — BnAGALPUK Jail. 


NUMBER OF ANALySBS CAREISIB OOT* 


Moistoe 
per cent. 


Awragc 

percoowige 

Composi- 
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Protein 
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Carbohydrate 



average 

.. 

fat . 


•91 

•91 

** 

Protein 

, 

6-93 

6*93 

6*98 
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TABLE E. 

Average Percentage Composition op Food Stupe in use in the Dipperent 

Jails Examined. 


L Jail. 

Proximate 

principle. 

1 

'Burma'Co“?tty 

1 1 

Country 

Bice 

(old). 

Wheat 

ata. 

Massur 

Dal. 

1 

Mung 

Dal. 

Gram 

Dal. 

Arhar 

Dai. 

Mattar 

Dal. 

Blalai 

Dal. 

Makkai 

ata. 

Presidency 

1 

' Protein 

6*95 

6*76 

6*31 

13-47 

25*40 

23-97 

19-54 

21-43 

21*66 

.. 


Jail, Calcutta ■< 


Carbohydrate 

77-25 

78*85 

78*85 

67*40 

54*36 

52-96 

49*07 

54*66 

52*99 

.. 1 




Pat . 

0*96 

0*86 


2-43 

2*65 

3-71 

4*40 

3-57 

2*02 

1 

-- 

Blidnapore 

Jan 

i 

Protein 

.. 

1 

6*80 


12-21 

25*53 

23-43 

20-40 



22*24 


Carbohydrate 

.. 

78-85 


68‘52 

54*40 

53-72 

50*26 



57*75 , 


1 

w Pat . 


0-87 

•• 

2-34 

3*29 

2-12 

4-03 


** 

1-06 

•• 

1 

" Protein 


6-94 

6-79 



10-93 

25-39 

23-46 

20-36 

23-60 


24*47 


Pnri Jail , ^ 

, Carbohydrate 



.. 

69*50 

55-50 

63-66 * 

52-65 

54-50 

. , 

58-10 1 

.. 

1 

. Pat . 

\ 

•* 

0-82 

0*78 

2-00 

3-00 j 

! 

2-25 

1 

4-70 

1-41 

’* ! 

1 

0-97 , 

.. 

f 

'! Protein 

.. 

. . 

6-66 

12*07 

25*31 


19-33 

21-61 

! 

! 

1 

9*75 

Motihari Jail-( 

j Carbohydrate 



78*85 

68*52 

55-70 

.. 

51-90 

54*00 j 

t 

. . 

66*20 

( 

i Pat . 

.. 


0-91 

1*96 

2-60 

! 

8-96 

3-27 

*• 

i 

.. 1 

! 

•• 

, c 

Protein . 1 

.. 1 

6-95 

6*95 

12-33 

25-65 


20-07 

21*97 

22*36 

! 

21*05 I 

9*18 

Bhagulpur 

i 

1 

78-85 







Jail J 

Carbohydrate 

.. 

78-85 


55-19 

.. 1 

51-80 

54-26 1 

54-96 

58-22 ' 

66*20 

1 

. Pat , 

.. 

0-91 

0-90 

•• 

3-50 

1 

4-45 

3*16 j 

1-90 

1*26 1 

2*30 

1 Buxar Jail . 

Protein . 

.. 

•• 

•• 

12*44 

25-57 

•• 

.. i .. 1 

.. 

1 

. . j 9*74 


!Clie low resiilfc for the protein of wheat ata of Puri Jfaii is partly due to the high percentage of moisture and partly due to dirt, 
^he high results obtained in the analyses of Arhar and Kalai Dais were due to their contamination with Massur and Mang Dais 


TABLE G. 

Average Composition op Food Materials Examined. 






protein. 

Carbo- 

hydrate. 

Pat. 

Moisture. 

Ash. 

Heat value 
per oz. calcu- 
lated. 
Calories. 

Heat value per 
oa. obtained by 
experiment. * 
Calories. 

Burma Bice 

* 


, 

6*95 

77*25 

0*96 

11*13 

1*34 

100*47 

108*32 

Country Bice . 

. 


. 

6*86 

78*85 

0*86 

11*05 

1*32 

101*95 

108 44 

Wheat ata 

, 



12*24 

70*92 

2*18 

11*83 

2-43 

102*44 

114*34 

Makkai ata 

. 



9*55 

66*20 

2*30 

11*50 

3-55 

93*86 

115-05 

Mmg Dal . 

. 



23*62 

53*45 

2*69 

10*87 

3-57 

96*69 

114-88 

Massur Dal 

, 



25*47 

55*03 i 

3*00 

10*23 

3*33 

101*42 

116*14 

Gram Dal . 

. 



19*94 

61*18 

4*31 

10*07 

3*72 

93*95 

1 11P62 

Kalai Dal , 




22*58 

68*02 

i-io 

10*87 

3-61 

96*68 

114*57 

Mattar Dal 

. 



22-01 , 

63*97 

1*96 

10*96 

3-60 

93*47 

114-40 

Arhar Dal 

• 


• 1 

21*67 i 

54*27 

3*33 

10*08 

5*50 

98*04 

1X7*86 


* We are indebted to ftofessox Benedict of the Carnegie Institute, Washington, for these hgures estimated by the calorimetric 

bomb trom samples sent to Mm from India. The sampL-s of the different food mat.siiala sent to Protessor Benedfet were obtained from 
the old crop and were in & dryer condition than when analysed by us as the figures in the table on next page show. 






Heat of combustion of food stuffs, 


Indian Grains. 

Moisture of 
samples sent 
to America. 

Moistmeof 
samples amdpejl ! 
in Imlla. 1 

Boat of Coni“ 
feiistlon Calories 
per 


9*77 


8-820 

Country Rice * . . | 

10*66 

ii*or» 


Wheat ! 

10-17 

ii*s;5 

4*017 

Makkai Ata ! 

9*97 

11-60 

4-094 

Mung Dal , . . . 

9*80 

10*87 

i 4*0‘»D 

Massur Dal • 

9*92 

' 10*28 

; 4*069 

Gram Da!. 

9*16 

; 10*07 

; 4-285 

Kalai Dal 

JU'19 

j 10‘h7 

i 4-0518 

Mattar Dal 

! 9*76 

■ 10*96 

; 4-075 

Arbar Dal 

j 8*99 

i 10*08 

1 4*085 


CHAPTER 11. 


The Nutritive Value of Bengal Jail Dietaries, 

We live not upon what we ea% bnf upon, what we digest.'' ' 


The chief uses of food are : — first, to form the tissues of the body and repair 
the waste of every-day wear and tear ; secondly, to furnish energy for the muscular 
and other work that the body has to perform and to yield heat to keep the body 
temperature at a proper constant level. 

We have already seen that a diet may be considered from two points of view, 
viz. : its power or capability of forming new tissues or repairing waste — ^this 
depends principally on its assimilable or available nitrogenous material ; its power 
of yielding energy and heat — this is a function of the protein, carbohydrate and 
fat of the diet. 

The real nutritive value of a diet depends not simply on the proportions of 
nutrients which it contains, but on the amount of those nutrients which can be 
made available to the body by digestion for the budding-up and repair of the 
tissues and for the yielding up of energy. Therefore, in the study of a diet it will 
be sufficient — so far as its nutritive value is concerned — ^to estimate the amount 
of nitrogenous material that undergoes metabolism in the body and compare this 
with the quantity ofiered in the diet, and then estimate the potential energy 
available in the food compared with the energy given off by the body as heat or 
mechanical work. With regard to the amount of energy transformed in the body 
on the jail diets under investigation, we have no experimental evidence to produce, 
and shall, therefore, have to rely on the generally accepted standards of the re- 
quirements of the body for fuel, contrasting these standards with the amount of 
energy available in the dietaries. 

The first and more important part of the problem we shall now take up, 
giving as concisely as possible the results obtained from investigations on pri- 
soners on the ordinary jail dietaries and on modifications of those dietaries. 

In order to render the work done on the nitrogenous metabolism of prisoners 
intelligible we shall follow the following scheme in stating our results 

Scheme of work. 

A B 

Bengali Diet. Behari diels. 

SECTION 1. 

Value of diets in proximate principles. Value of diets in proximate prineiples. 

39 
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isECTIOJi 2. 


Am All Tit. o£ nitiogcn undergojng metabolisiii j AxD,ouiit& ol nitrogCE undergoiiig metabo. 
in tbeordmaiy jail diet, in tbe case of— i Hsm in the ordinary jail diets, in the case 

i of— 


(a) Bengalis 

(b) Ooiiyas 

(c) Aborigines 

(Eanohi plateau) 1 (6) HUl tribes of Darjeeling. 


(a) Beharis 

v.Bhagiilpore. 


SECTION 3. 

Effects of varying the quantities of the com- 1 Effects of varying the quantities of tlie com- 
ponents of the ordinary jail diets on ponents of the ordinaryjad diets on nitro- 
nitrogenous metabolism,. genous metabolism. 

(The curves of nitrogen-absorption uirder (The curves of nitrogen-absorption under 
different conditions) different conditions.) 


SECTION 4. 


Effects of varying the components of the diet, 
i.e., of adding wheat ata, fish or meat. 


Eflects of varying the components of tin 
diets, i.e., adding meat to the diet. 


SECTION 5. 

(а) Belative value of Burma and Country rice. 

(б) Relative value of the different dak in use. 

(o) Relative value of wheat ata and makkai ata. 

SECTION C. 

Discussion of results and conclusions arrived at. 


A-BENGALI DIET. 

The ordinary jail diet of Bengal— leaving aside slight variations for 


Burma or Country rice 
Different dais in use 
Vegetables in season 
Mustard oil . 
Condimente . 
Antiscorbutic 
Sait 


,13 cWttacks 

SS! 

26*66 ozs. 


GzaDunes. 

756*80 

. 3 


SSS 

6*16 „ 

S 

174*41 

. 3 


iS= 

6-16 „ 

S3S 

174*41 

- 

n 


•64 „ 

» 

18*14 

. i 

>> 

ssa 

•26 

saa 

7*37 

■ i 


jaa 

•26 „ 

ssa 

7*87 

- h 



•90 „ 

3S2 

mm 

is equal to 2*05 


avoirdupois). 
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This is the ordinary diet scale in use for the great majority of the prisoners in both 
the large central jails and the district jails of Lower Bengal, Other scales are sanc- 
tioned in which the rice is diminished by 4 ozs., its place being taken by 3‘4 ozs. 
of wheat ata or a like amount of Suttoo (fried gram dal ground to meal) but, so far 
as we are aware, the diet given above is the only one in general use. 


SECTION 1. 

1. The Value of this Diet in Proximate Principles. 

TABLE I. 


Food-stuff. 

Rice. 

Dais. 

Vege- 

tables. 

Mustard 

Oil. 

Condi- 

ments. 

Anti- 

scorbu- 

tic. 

Total 
in Gram- 
mes. 

Protein 

• 

• 

• 

. 

. 

51*63 

39-32 

2-36 

.. 

* • 

•• 

93-31 

Carbohydrate 

• 

* 

• 

• 

• 

589*55 

94-72 

9-06 


.. 


693-83 

Fat . 

• 

• 

• 

• 

• 

6-80 1 

4*76 

1*58 

17-35 

•• 

.. 1 

30*49 


This calculation is based on the average figures given on Table G, Chapter I. The 
mean of the percentage composition of all the different dais is used in working 
* out their value m proximate principles. Usually three or more dais are in use at 
the same time, being given in the diet alternately. 

We may, therefore, accept the figures given in Table I as representing the 
average value of the diets in use in the jails of Lower Bengal, Orissa and Chota 
Nagpur, The value from day to day varies slightly above and below these figures 
according to the particular dais issued in the diet and the vegetables in season. 

The apparent value of this diet. 

We might hark back to Lewis’ article again and quote his remarks on this 
subject : — “ Taken as a whole, the nutritive value of this dietary not only ex- 
ceeds under every heading, the “adapted” scale, which has been prepared from 
English Prison scales, but in most cases the amount of food actually issued is more 
than is given as a maximum dietary in either the Convict or Local Prisons of 
England and Wales. Computed on the English standard tb e scale should suffice for 
men weighing considerably more than the average weight of natives of Bengal.” 
With this opinion we are in entire agreement ; there is not the slightest doubt but 
that it is a most liberal diet both in nitrogenous material and in its potential energy 




or caloric value. Calculated according to the accepted heat equivalents ils fuel 
value is 3,508 calories, which is higher than that of any of the standard diets that 
have been formulated for Europeans and over 1,000 calories higher than is furnished 
hy Eante’s diet. 

As we shall have reason to see later, there are two great defects iii tliis 
diet which lessen its nutritive value to a very serious extent, with the result idiat, 
while according to hs chemical composition it seems to bo superior to Englisli 
Prison scales and even to some of Ihe standard dietaries, it is really vtuy much 
inferior. These defects are : — 

(i) In order to obtain a diet offering fl3 gra tunes of protein derived freon rice 
and dal the bulk is so groat that digestion and absorption tire inierfored 
with, so that a protein metabolism much below the norm.il taints phiec, 
compared with what would he the ease with a Euro])ean type oi diet 
offering 93 grammes of ])rott.in. 

The amount oi protein i.s therefore deceptive and ils real nuiritivti 
value is little more than thtii of 00 to 05 grammes of protein when 
offered in the form of dk‘t given in Eunspean jails. 

(iV) The large carbohydrate clement is worse than useless. By its mere pre- 
sence in the intestinal canal it hinders the al)s<>rption of protein : on 
accoimt of the fermentative processes that are (juicMy set up, acid bodies 
are formed which increase peristalsis and hurry the food through 1 he 
small intestine past the area most favourable for absorption. Kurther, 
the excessive fermentation and putref action, rendered possible by the 
large residue, leads to flatulen<‘y, dyspepsia, auto-intoxical ion and a ten- 
dency to intestinal disorders, diarrhoea and dysentery. The excessive 
carbohydrate element of the dietary is the source of the very high lieat 
value, a value far higher than what would be considered necessary for a 
European living in a much colder climate, where fuel for the production 
of heat is a much greater necessity than in India. Further, the 
ayerage amount of work done by the native worker in prison-or out- 
side, fox that matter — calls for comparatively much leiss fuel in the food 
to supply the necessary energy. So that, neither for the production ol 
heat nor as a source of energy for work is there my large demand 
for carbohydrate, yet we find this element present in an amount 
out of all proportion to what would be considered sufficient for a 
European of a similar body- weight doing three times as much work and 
living in a very much colder climate. 

Now fuel supplied and made use of in the system can only leave the body in the 
■form of heat and mechanical work, so that the Bengali prisoners if they wm aWe 
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to make use of the 3,500 calories of their dietary must either produce a large amount 
of heat— requiring great radiation, conduction, etc., to keep the body temperature 
normal or require really hard labour to dissipate the calorie value as mechanical 
energjf . There is little doubt that neither of these conditions obtains — neither as 
a source of body heat nor as a source for the energy of muscular contraction is the 
large fuel value of their dietaries worked off. 

The question, therefore, arises — ^what becomes of the great potential energy 
offered in these dietaries ? The answer to this would appear to be three-fold : a- 
part of tne carbohydrate, varying in amount according to the needs of the body, 
is absorbed— so long as the processes going on in the intestinal canal are physiolo- 
gical and made use of^to supply body heat and energy for muscular contraction ; 
a part undergoes little or no change in the bowel and passes out undissolved and 
very much in the ' same form as when ingested— this is probably due to its being- 
bound up with cellulose, so that the digestive juices are unable to penetrate to -the 
starch granules and set up the changes essential for absorption ; a third part is 
broken up in the digestive tract by excessive fermentation, which beginning in 
the stomach is continued in the intestines. In this way a very large percentage of 
the total potential energy of the diet may be dissipated through the conversion of 
its starch or sugar into carbon dioxide, methane, hydrogen, acetic acid, lactic 
acid, butyric acid, etc., and other fermentative products of low caloric value. 

Besides this loss of the potential caloric value there is a considerable amount of 
evidence to show that excessive fermentation leads to a simultaneously disturbed 
^digestion of protein, so that a vicious circle becomes established. It is highly pro- 
bable that the excess of acid products is capable of setting up catarrhal inflamma- 
tion of the small intestine and of inflicting injury on its delicate epithelial b-ning j 
and there is little doubt but that many cases of chronic gastritis are dependent 
on excessive fermentative activity in the stomach. It is not, therefore, to be won- 
dered at that, with these results of excessive fermentation, absorption of protein 
and carbohydrate should alike suffer and signs of mal-nutrition become evi- 
dent. The practical evidence of the truth of these deductions is to be found in 
the extreme prevalence of bowel complaints in Bengal, the presence of oxaluria, 
hyperchlorhydria, toxaemia, increased acidity of the urine, abdominal distension,, 
acid in the faeces, etc. 

If further evidence were required that by excessive carbohydrate fermenta- 
tion loss to the body of a very large proportion of the potential energy of the diet 
takes place, it is afforded by the practical absence of any marked tendency to the 
storing of fat amongst the working population of Bengal. 

We may conclude, therefore, that the carbohydrate element in the quantities 
presented in Bengal Jail dietaries is not only useless and wasteful but actually 

p 2 



liaxmM. Wliile agreeing, tlieref()re,witli Lewis’s opinion on tLe dietary we oun- 
demn it for a totally different reason ; whilst helieving that the diet is excessive 
for prisoners of the body-weight of the Bengali, and agreeing that it offers more 
nitrogen and energy per kilo of body weight than that found necessary in hnglish 
prisons, we condemn it because, on account of its bulk and composition, inm h 
less than the proper proportions of its nutrients can be absorbed and made \isc. ot 
in the system. We shall show, with, regard to the most important ehmiont - 
protein— that the level of nitrogenous metabolism attained on such a diet is ex- 
ceedingly low— very much lower than that of prisoners in English prisons. The 
diet is excessive, not because it entails too high a level of nitrogenous metabolism, 
but for exactly the opposite reason. 


SECTION 2. 

3. Tlie amount of nitrogen iimleigoiiis: iiieta!>otisiii on tlu* ovillnary 

jail diet. 

Having worked out the chemical value of the average diet io be .ilxtiif 
93 grammes of protein, the next step was to investigate how much of that (juantily 
was absorbed from the food given. 

This was done for the Bengalis, Ooriyas and aborigines of (Ihota ^iag|)u^. 
The work was carried out in the Presidency Jail, ('aloutta, Puri Jail and Banchi 
Jail These three centres fairly well cover the different classes of Lower Bengd 
who are on this type of dietary. 


(a).— T he PuEsinENcy Jail, Calcdtta. 

In this jail Burma rice was used entirely, to the exclusion of country rice. 
One effect of this comes out very plainly in all the investigations in which tlie 
whole twenty-six ounces of Burma rice was given in the diet, uw., that it was hmiid 
practically impossible to get the prisoners to consume the full diet for more than 
a day or two. The result of this was, that in the Presidency Jail we have not 
been able to obtain a complete series of observations on prisoners showing the 
amount of nitrogen undergoing metabolism on the whole diet. We have, however, 
a number of observations carried out when the greater part of the Burma rice was 
consumed. From an average of these it will he possible to show the ordinary 
amount of nitrogenous metabolism that takes place on the full |ail diet with 
Burma rice. No observations are included in this series in which lew than 
4| ozs. cf Burma rice per day was the average amount consumed. 
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TABLE II. 


Investigation to determine tke degree of nitrogenous metabolism on a diet composed 
of (practically) tke full q^uantities of tke jail scale. 


(i) Ten prisoners on tke full diet of Burma rice and arkar dal observed 
for two consecutive days. 


1 ' ' 

.Mixed batches. 

Urine 

quantity. 

Re. 

action. 

Total N. 
of urine. 

N.of 

Burma 

rice. 

H.of 

arliar 

dstli 

H.of 

vege- 

tables. 

Weight. 

Three Hindus 

Seven Mahomedans 

C. C. 
18,000 
21,790 

Acid 

Grms, 

72‘34 

74-71 

Grms. 

81*40 

81*40 

Grms. 

60-20 

60-20 

Grms, 

4-72 

4-72 

i 

Lbs. 

116*4 

116*4 


Total intake of nitrogen- 
N. of Burma rice . 

N. of arkar dal 
N. of vegetables . 

Total 


162 ’80 grms. 
120-40 „ 

9-44 „ 


=292-64 


Total output of nitrogeu — 

N. of urine . . . 147 "06 grms. 

• 5 grm. N. per day constant 10-00 „ 

per man 

Total N. metabolism . .=157-06 „ 

= 63-66 per cent, of tke total N. of the diet 
= 7-85 grms. N. per man daily. 


(ii) Ten prisoners on 25 ozs. of Burma rice and 3 ozs. eack of arkar . dal and 
massur dal observed for five consecutive days. 


Batch oe 

Quantity 
of urine. 

Re- 

action. 

Total N, 
of urine. 

N. of 
Burma 
rice. 

N, of arhar 
and mas- 
sur dais. 

H,of 

vege- 

tables. 

Weight. 


C. 0. 


Grim. 

Grms. 

Grms. 

Grms. 

Lbs, 

r 

28>560 

Acid 

69*16 

78*50 

68*38 

4*72 

123*2 

1 

23,920 

99 

67*18 

78*50 

68*33 

4-72 

* • 

Ten Bengali prisoners . i 

20,430 

99 

67*59 

78*50 

68*33 

4*72 

123*3 

26.930 

99 

71*39 

78*50 

68*33 

4*72 


[ 

1 

25,310 

99 

65*32 

78*50 

68*33 

4*72 * 

123*2 


Total output of nitrogen — 

. 392-60 grms. N. of urine . . . 340-69 grms. 

. 341-65 „ • 5 grm. daily constant . 25-00 „ 

. 2:5-60 „ — 

Total N. metabolism • . =366" 69 „ 

.=757-75 „ =48 '23 per cent, of N. of diet. 

=7-31 grms. N. per man daily. 

Tke percentage of nitrcgen absorbed by tkis batch was the lowest obtained in 
the whole investigation. Tke reason, so far as we could see, was the condition of 
the arkar dal wkiob was of very poor quality and badly cleaned. It appeared also 
to.be contaminated with some foreign seed. 


Total N. of intake — 
N. of Burma rice . 
N. of dais . 

N. of vegetables . 

Total 
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(ixi) five prisoners on 25 ozs. of Burma rice and 6 ozs. of massur dal observed over 

five consecutive days. 



Total intake of nitrogen — 

N. of Burma rice . . 196*25 grmb. 

N. of massuT dal . . 188*4.0 „ 

N. of vegetables . . 11*80 „ 

Total N. oi intake . . 396 15 „ 


Total output — 

U, of urine , . • 186*11 gnus. 

*6 grm, daily constant . 12*50 

Total nitrogenous metabolisin=»=198’ 60 ^ .. 

== 50*10 percent, of nitrogen td diet 
= 7*94 grms. N. per man daily. 


(iv) Five piisoners on just over 25 ozs. of Burma rice and 6 ozs. of a»assur M 

observed over five tousecutive days. 



Total intake of nitrogen.— Total output— 

N.ofBramarice . 199-10 gros N. of urine . . . 185-© grnas. 

N. of massur dal . 171-30 „ '5 grm. daily constant . 12-50 „ 

N. of vegetables . 11-80 „ 

Total nitrogenous metabolism . 198-13 ,, 

Total N. of intake . 882-20 „ « 51 -84 per cent, of nitrogen of diet. 

= 7-92 gnas. per man daily. 

* A different sample of massra: dal from tl»at nsed iff (iU). IV two wit# of oUerratiowi »«» twiTied o«t »* 
different seasons of the yeat (iii) in the cold weathor, fa the rates. 




(v) Five prisoners on just under 25 ozs. of Burma rice and 6 ozs. of mnng dal 

observed over five consecutive days. 


Batch A. 

Quantity 

Be- 

i 

Total 

N. of 

Kof 

N. of 

Weight. 

of urine- 

action. 

of urine. 

Burma 

rice. 

mnng 

dal. 

vege- 

tables. 

r 

C.C. 

Acid 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 

10,830 

39-49 

37*62 

32*23 

2*36 

115*9 

Five Bengali prisoners * ^ 

7,170 


m -11 

37*69 

32*06 

2*36 


8,850 


36*67 

40*17 

32*06 

2*36 

116*0 


9,970 

>> 

36*43 

38*49 

32*23 

2*36 

116 

l 

7,120 


! 36*68 

' 40*17 

32*23 

2*36 

i 

115*9 

j 


Total intake of nitrogen — 

N. of Burma rice . 194*14 grms. 
N. ofmungdal . 160*81 „ 

N. of vegetables . 11*80 „ 


Total N. of intake . 366-76 


Total output — 

N. of urine .... 181-04 grms. 

*5 grm. daily constant . . 12-60 „ 

Total nitrogenous metabolism . 193-64 „ 
= 52-60 per cent, of N. of diet. 

— 7*74 grms. N. per man, daily. 


We were unable to obtain more observations -with anything like the full 26 ozs. of 
Burma rice consumed, even in those given here there was a decrease jErom the full 
scale. However, as the decrease was small we may accept the average of these as 
showing the degree of nitrogenous metabolism possible on nearly the full ordinary 
jail diet. 

What do we learn from this series ? 


By i an intake of 292- 64 grms. nitrogen gives a metabolism of 157 * 05 grms. 


By ii „ 

>9 

757-76 „ „ „ 

99 99 

„ 365-59 „ 

By iii „ 

99 

396-45 „ „ „ 

99 99 

„ 198-60 „ 

By iv „ 

9? 

382-20 ,, „ „ 

99 99 

„ 198-13 „ 

By V „ 

99 

366-76 „ „ „ 

99 99 

„ 193-64 „ 

Therefore an intake of 2195-79 „ „ „ 

99 99 

„ 1112-91; „ 


== an average of 60-70 per cent, of the N. of the diet is absorbed. 
= the metabolism of 7-69 grms. of N. per man daily. 


So that Bengali prisoners are only able to absorb a little over 60 per cent, of the 
niixogen of their fuU diet, which means an average of 7*70 grms. of nitrogen or 48-12 
grms. of protein undergoing metabolism d.aily. Another point brought out in this 
series, and one to which we shall have occasion to refer to later, is that an increase 
in the amount of nitrogen given as dal k not accompanied by an increase in the 
amount of nitrogen undergoing metabolism. 
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Thus, with practically constant quantities of nitrogen derived from Burma 
rice and vegetables, but with changing amounts of nitrogen derived from ditfercuit 

dais, we get.— Arhar dal 150-10 grms.N.= 196 '25 gnus. 

/ N* alhSorhcnL 


Basis of 
five men 
for 

five days 


N. of 
Burma 
rice and 
vegetables 


1 


Constant 

(fairly) 


(») { 

Arhar da 1*1 
Massur ,J 

-170-87 

1 

(jfi) 

Massur „ 

188-40 

(iv) 

?> ? j 

171-30 

(v) 

Mung „ 

160-81 


„ = 182’ T9 gnus. • 

N. iiltsurbcd. 

„ —198’ 60 gnus. 

N. iibsorbod. 

„ = 19H’13grniH. 

N. ubsurlxub 
,, -= 19.‘5’r>4 gnus. 

N. ab.s()rbed. 


\ 

Neglecting (ii) in which the arhar dal was of an inferior quality, it is evident that 
there is practically an identical absorption from the same amounts of urliur dal, 
massnr dal and mung dal, although the quantity of nitrogen furnished b>' eqtiai 
quantities of those dais varies considerably. 

The practically identical absorption shown by (iii) and (iv) is very interest ing ; 
though the amount of nitrogen furnished by the massur dal of (iii) provide.s 
grammes more than that given in (iv) yet the result is the same. Ihis would tend 
to corroborate the view that an increase in the nitrogen given as <lal is useless in 
causing increased nitrogenous metabolism, and that the limit td the; quantity of dal 
in the dietaries is reached, if not passed, with 6 ozs. per man daily. 

We might look on these figures from another point of view, and deduce that tlie 
protein of arhar dal and mung dal is more easily assimilated tlian that of massur 
dal. This is very probably the case, and as a matter of fact tlu5se dais are 


considered to be more digestible than the others by the native popiilat ion. 

This is particularly so with regard to arhar dal amongst the Beharfe, and, as 
we shall have occasion to point out later, variations in the absorbability of the pro* 
tein of the difierent dais can be made out when the total bulfciness of the diet k 
decreased. To this, however, we shall return. 


(6).'--Puri Jail, Ouissa. » 

The prisoners in this jail are almost wholly Ooriyas who are very markedly 
a rice-eating people. The rice used in the jail is grown locally and is therefore 
country rice. We had no difficulty in getting the Ml amount of the rice of the jail 
diet consumed ; in fact it was rather the other way, more could have been eaten 
than the quantity sanctioned in the jail code. The prisoners of this Jail were, 
therefore, particularly well-adapted for experhnente in which the amount of rice 
in the dietaries was diminished, as results corroborating those found in other jails, 
where the ordinary 26 ozs. of rice was Only with difficulty consumed, would of 
peculiar value. We took full advaatagedf this characteristic of the Oor^a® and,. 
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with, the sanction of the Inspector-General of Jails, placed the whole population 
of the jail for six months on diets that contained considerably less rice than the 
ordinary jail standard. A Ml report of the results will be found in its proper 
place ; at present, all we wish to say is that even this rice-eating people, accus- 
tomed from infancy to the consumption of enormous quantities of rice, in a 
short time got used to the altered conditions and became quite contented with 
their new diets. 

The Ooriyas on the other hand are not as a rule very fond of dal, the amount 
of dal taken daily by the ordinary working population being very small, due largely 
to the expense of this food material. They are very fond of fish and all those near 
the coast and close to rivers obtain plenty of fish as a part of their dietary. 
Most of them, however, live on rice and vegetables as their staple diet. 

All we have said, therefore, with regard to the extreme bulkiness of this type 
of diet and the disabilities attached to it apply with even greater force in the case 
of the Ooriya than with the Bengali. The result is that the physical development 
of the Ooriya and his powers of resistance to disease are probably on even a lower 
scale than those of the average working population of Bengal, when those of both 
classes who are able to get enough to eat are compared. 

Let us see how the rice-eating Ooriya stands with regard to his power of 
absorbing protein from the ordinary jail diet. . 

TABLE III. 

Investigations to determine the degree of nitrogenous metabolism on a diet composed of 
• the full quantities of the jail scale. 

(i) Sixteen prisoners— all Ooriyas— divided into four batches.— Urine of prisoners 
of each batch pooled. The full diet of 26 ozs. of country rice and 6 ozs. of different dais 
was consumed. 

Observations over three consecutive duys. 


♦ 

' Batches. 

Quantity 
of urine. 

Beaction. 

Total 

N.' 

Weight. 

Kin 

country- 

rice. 

N. in , : 
,dAl.^ 

ISr. in 

vegetables, 

etc. 

Batch I. r 

a a 

5,260 

Acid. 

Grms. 

26*70 

Lbs. 

113*1 

Grms. 

32-08 

Grms. 

25*75 

Grms. 

1*96 

Foiar prisoners , . 3 

5,160 


28-88 

. . 

32-08 

24-10 

1*96 

5,000 


26*90 

113*1 

32-08 

25*20 ^ 

1-96 

, Batch 11/ . , 

S,8 !0 

, 

24*19 

97*8 

32*08 

25*75 

1*96 

Four prisoners . . 3 

6,230 


28*96 


■ 32*^08 I 

24*10 

1*96 

6,230 ^ 


28*74 

97*9 

32*08 i 

25*20 

1*96 

Batch m. ' ; rl 

3,600 i 

,, ' 

26*28 

: 100*8 

. 32*08'' i 

25*75'. 

1*96 

Four prisoners . ' 'V ) 

5,100 


25*45 

. . 

32*08 

■B4*I0 ^ 

1*96 

6,000 

99 

28*89 

100*8 

32*08 

25*20 

1*96 

; 'Batch XV, \ t 

4,750 

99 

28*99 

108*7 

32*08 

' 25*75 

■1*96, 

Four pi1sotter.s . . 3 

, , , ’ ' ^ ' ' , ' , ’ 

6,150 

99 ' 

28*84 


32*08 

^ ',24*10 '' 

'■L'Oa'""' 

5,600 

99 ■' 

, 

' ■27*71,.' 

108^8 

32*08 

25*20','/ 

1*96,''/: 


H 
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Intake of nitrogen in rice . ■ 384'96 grms. Output 

in dal . . 300-20 „ Nitrogen of urine 

- : :: m vegetables, 23-52 „ -5 grm. daily cons 


Nitrogen of urine . . 330-53 grins. 

5 grm. daily constant , 24-00 „ 


'Total N. intake 


708-68 „ Total nitrogenous metabolism. 354-53 ,, 
=60-02 per cent, of tbe nitrogen of the diet 
and means the metabolism of 7-38 
grms. of nitrogen per man daily. 


The different dais in use were mung, gram, kalai and arhar. 


(ii) Pour prisoners— all Ooriyas.— TJriue of prisoners pooled, on a diet of 26 ozs. of 
country rice and 6 ozs. of arhar dal. 

Ohsermtions over five consecutive days. 





Quantity 
of urine* 

i 

Total 
of urine. 


K. ia 

3Sf. m 

I 

: H. in 

Batch II* 


.Reaction. 

Weight. 

country 

rice. 

arhar 

dal 

'veg6t»hl«, 

• "etc. 



; c. a 

i 

grms. 

lbs. 





; 

1 Gi970 

; Acid, 

26'66 

98*2 

32*08 

26-70 




! 6,670 

f ; 

28*38 

98*2 

1 32*08 

1 2r>-70 

1-00 

lotir prisoners . 


1 6,340 

t i 

i ” ■ 

28«48 1 

'• 

32*08 

1 25-70 

I -06 



1 5,870 

! ; 

i ” ' 

27*20 

.. 

i 32*08 

; 25-70 

1-86 


L! 5,780 

i 

! 

1 *’ 1 

27*95 

08*2 

1 32*08 

: 25*70 

1-96 , 1 


-N. of country rice . 

160-40 grms, 

N. of arhar dal 

128-60 „ 

N. of vegetables 

9-80 „ 

Total nitrogen . 

' 298-70 ,, 


Output — 

N. of urine 

‘6 grm. daily constent 


138-67 grms. 
10-00 „ 


Total nitrogenous metabolism . 148‘67 „ 
=49-78 pet cent, of the nitrogen of the diet . 
= 7‘.43 grms. of nitrogen per man daily. 


(iiil Pour prisoners— all Ooriyas— on the fall $6 oa. of conatry rio« and 7 onk 
of gram dal ohsewed ow six dtyi. 

[7 pzs. of gram dal provides the same amonnt of niteogea aa €om. of 
arhar dal, so that by a comparison of the nitrogenous metabolism of this sot of 
observations with those given above p) we have a measure of the relativ© 
absoxhability of the protein of gram and arhar dais. The two sets of ohaerva- 
■tions arem;the same'Mht prisonew,!' 
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Observations over six consecutive days. 


Batch II. 

Quantity 
of uriae. 

Beaction. 

Totam. 
of urine. 

Weight of 
prison- 
ers. 

H.in 

country 

rice. 

! 

N.in 

gram 

dal. 

N. in 

vegetables, 

etc. 


r 

0. C. 


Grms. 

Lbs. 






6,760 

Acid 

26-69 

98*8 

32*08 

25-74 

1*96 



4,750 

,, 

26-93 j 

9S'8 

32*08 

25-74 

1*96 

Four prisoners . . ^ 


5,325 

. ,, 

27-91 


32*08 

25-74 

1*96 



5.960 


27-70 

.. 

32*08 

25-74 

1*96 



4,5£0 

,, 

26-88 


32*08 

25-74 

1*96 


L 

5,430 


28-36 

98-8 

1 32*08 

25-74 

1*96 


Total intake of nitrogen — 
N. of rice 
N. of gram dal 
N. of vegetables 

Total nitrogen of intake 


192‘48 grms. 


. 154-44 „ 
■ 1-76 .. 



Output — 

N. of urine . . . 164-47 grma. 

*5 grm. daily constant . 12- 00 „ 


Total nitrogenous metabolism. 176-47 >, 
=49-20 per cent, of the nitrogen of the diet or 
the metabolism of 7-35 grms. of nitrogen 
per man daily. 


What do we learn from this series ? 

By (i) an intake of 708-68 grms. nitrogen gives a metabclism of 364-53 grms. 
By (ii) „ „ „ 298-70 „ „ „ „ „ „ 148-67 „ 

By(iii) „ „ „ 358-68 „ „ • „ „ „ „ 176-47 „ 


Therefore „ ,,1366-06 „ „ ,, „ _ „ „ -679-67 „ 

= 49-76 per cent, of the nitrogen of the diet or the metabolism of 7-39 grms.. 
of nitrogen or 46-20 grms. of protein per man daily. 

So that the rice-eating Ooriya is only ahle to absorb just under 60 per cent, of the 
nitrogen of his diet, which means an average of 7*40 gram m es of nitrogen or 46 •26- 
grammes of protein per man daily. 

When we compare this result with what was found for the Bengali we see how 
very closely the figures tally with each other. There is only a difference of 0*30- 
grm. of nitrogen per man daily in the amounts under going metabolism : this result 
would probably have been even closer if we could have obtained observations- 
on the Bengali when the full quantity of rice was consumed. The full amount of 
Burma rice of the Bengali diet was not all eaten, so that probably a slightly greater 
amount of the nitrogen of the diet was absorbed owing to the reduction in bulk 
The absorption of protein by the Bengali on his Burma rice diet and by the Ooiiya- 
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oa country rice are therefore very similar. It would not appear from those observa- 
tions that country rice has any advantage, so far as its nutritive value is concerni\b 
over Burma rice although it is much preferred by th.e inhabitants of Bengal includ- 
ing Behar. In fact, so far as these observations touch the question, whatever 
difference exists is in favour of the Burma variety, that is when the full 20 uy.h. 
are eaten. 

In these three sets of observations, the full amount of rice being always cftn- 
sumed, the intake of nitrogen from rice was constant ; the intake of nilrogfsn from 
dal was also very nearly identical in each ; thus, 

f (i) Mixed dais 156-35 gnus. N. ^184-50 gnus. 

Basis of five f N. of country rice I N. ahorbed. 

men for fives and vegetables C + (ii) Arhar dal 160-62 „ ,, IB5-75 grmH. 

days. L constant. J I N. absorljed. 

(iii) (Jramdal 16r81 „ „ =183-75 gnus. 

N. absorbetl, 

and, as will he seen, the differences in the amount of nitrogen absorbed bet we.tui 1 he 
three sets of results is so close as to be wilhiu the limits of experinumtal error. 
This affords further proof that with the nitrog(‘n from the othew compomnils of 
a diet constant and the nitrogen from dal (any dal) practically the same, very 
nearly equal amounts of nitrogen will undergo nu'taholism. 

It is to be noted, however, that it roijuired 7 ozs. of gram dal to provide the 
s-.ime amount of nitrogen as 6 ozs. of arltar tlal, and that the substitution <»f these 
amounts for each other in the jail dietary is followed by practically an idtuiiical 
absorption- It is quite possible, however, that an equally good absorjitiuii would 
have been obtained if only 6 ozs. of gram dal had been given in the tiiet ; but the . 
aim in view in these experiments was to keep tlie nitrogen intake as nearly constant 
as possible. 

We may sum up the results of these observations on Bengali and Ooriya pri- 
soners by stating : — 

(i) On an average just SO per cent, of the protein of the full jail diet is 

absorbed, which means the metabolism of about 7*65 grammes of 
nitrogen or 47*18 grammes of protein per man daily. 

(ii) When rice is given in quantities of 26 ozs. per man daily it does not 

appear to make any marked difference which variety of rice~Buima 
or count:^ — ^is used. 

(iii) When 6 ozs, of dal are given, combined with &e full 26 ozs. of rice and 

6 ozs. of vegetables, it does not appear to matte what kind of dal 
is made use of—practicahy an identical absorption is obtained with 
the same amount of dal in the diel^ although the quantities of nikogen 
provided by the several date vary very considerably. This would 
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lead Tis to suspect that 6 ozs. of dal per man daily is beyond the 
amount from which the maximum absorption can take place. 

(iv ) The results stated in (ii) and (iii) do not justify the assumption that with 
lesser amounts of rice and dal in the dietaries differences in the ab- 
sorbabihty of the protein of these food-stuffs would not take place; 
or that the absorption from Burma rice and country rice would be 
identical for different amounts of rice in the diet ; or that, if the 
quantity of dal in the dietary were diminished, the same percentage 
absorption would occur from the decreased amounts of the several 
kinds of dal. 


(c) Eanchi Jail, Chota Nagpur. 

We now come to deal with an entirely different kind of people — the aboriginal 
tribes of the Eanchi plateau. The hills around this district are from two to four 
thousand feet above sea level, so that the inhabitants are very differently situated 
with regard to climate, temperature, moisture, etc., from what obtains in Bengal 
proper and Orissa- As is only to be expected also the physique and 
general stamina, capabilities of work and muscular development is on a higher 
level than found in Bengal or Orissa. The average size of the individuals of these 
tribes is not great, but they are hard workers, compared with the Bengali or plain 
men and very compactly built. 

In Eanchi Jail we selected four healthy men from each of the principal tribes 
* for our investigation. All we attempted to do was to obtain the average protein 
absorption from the diet in use in this jail, which was of the ordinary Lower Bengal 
type, and to make enquiries regarding any differences in absorption exhibited by 
the members of these tribes among themselves, or compared to that found for the 
Bengali. As wihbe evident from the results marked differences do occur both as 
regards the several tribes and compared with the Bengali or Ooriya. A study of 
the causes of these differences is a problem of importance in the question of the co- 
relation of the protein absorption and physical development and we have enlisted 
the help of Major Maddox, I.M.S., Civil Surgeon of those hills, in collecting informa- 
tion concerning any tribal characteristics that inight throw light on this point. At 
present, all we are concerned with is the average absorption shown by these men 
when placed on the ordinary jail diet. The significance of these results will be 
discussed later in the light of the report furnished by Major Maddox, and it will 
be farther dealt with when we come to examine the development and nitrogenous 
metabolism of the hill tribes of Darjeeling ahd contrast them among themselves, 
and with the people of the plains. • 
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In the inYestigations regarding the protein metabolism on the ordinary jail diet 
four healthy prisoners from four difierent tribes were selected, isolated and placed 
on the diet for a few days before the collection of excreta commenced. Table IV 
gives the results obtained. 


TABLE IV. 


Investigations to determine the degree of nitrogenous metabolism occurring on the jail 
diet amongst representatives of the aboriginal tribes of Chota Hagpur. 


Four men under cbservaiion for five consecutive days. 


Tiudbe. 


1 

Quantity 
j of urine. 

Reaction. 

1 

Total X. 
of urine. 

N. of 
rice. 

K of 
kalai dal. 

’ i 

N.of ' 

vegetables. 

Waigiit. 



1 c.c. 

i 

i 

1 

! 

! 

Grms. 

Grms. 

Grms. 


Lbs. 


r 

•j 10,070 

Acid. 

34-96 

32-08 

2F77 

1*96 

113 



7,9S0 

1 


39-10 

32-08 

24-77 

1-96 

112*6 

Four prisoners * 

. -I 

1 9,510 

1 

37-01 

32-08 

21-77 

1*96 

113 



1 11,000 


35*11 

32-08 

24-77 

1*96 

113 



. 12,770 

1 

31-50 

32-08 

24-77 

1-96 

113 


Total intake of nitrogen — 
N. of rice . 

N. of kalai dal . 

N. of vegetables . 


160-40 grms. 
123-36 „ 
9-80 „ 


Total nitrogen . . 293-05 „ 


Total output — 

K. oC urine . . . 177-74 grms. 

•5 grm. daily constant . 10-00 „ 


Total nitrogenous metabolism . 187-74 „ 
=64*06 per cent, of the total nitrogen of the diet. 
= 9-38 grms. of nitrogen per man daily. 


1 Tbibb. 

Quantity, 
of urine. 

Eeaotlou. 

TotalJN. 1 
of urine. 

N.of 

rice. 

K of i 
kaki dai 

N, of 

vegetable. 

Weight 

**Mo0TOa.’* 

c.c. 

1 

Grms. 

Grms. 

Orms. 

! 

Grms. 

i 

Lb®. 

f 

7,550 

Acid. 

34-66 


04*77 

im 

106*0 


9,230 


34-50 


04*77 

1*06 1 


Four prisoners . • { 

7,630 


30*71 


24*77 


loi-i 


M60 



30*08 

04*77 


100-6 

\ 

. 10,310 


mm 

®*08 

24*77 

IM 

* W6 
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Total intake of nitrogexi =293'05gnns. Total output— 

N. of urine , , . 169‘56grms, 

•6 grm. daily . . . 10-00 „ 

Total nitrogenous metabolism 169’66 „ 
=67-86 per cent, of nitrogen of tie diet. 

= 8-48 grms. of nitrogen per man daily. 


Tbibe. Quantity 

of urine. 

Keaution. | 

Total K 
of urine. 

N.of 

rice. 

N.oi 
kalal dal. 

N. of 

vegetables. 

Weight. 

c. a 


Grms. 

Grms. 

Grms, 

Grms. 

Lbs. 








^ 4,900 

Acid. 

36-16 

32-08 

24*77 

1*96 

111-3 

6,010 

,» 

42-97 

32-08 

24*77 

1*96 

111-2 

Four prisoners , . - 4,500 

99 

34-96 

32-08 

24*77 

1*96 

111-3 

5,530 

9f 

1 

34-37 

82-08 

24-77 

1-96 

111-3 

L 7,050 


32-86 

32-08 

24*77 

1*96 

111*3 


Total intake of nitrogen = 293-06 grms. Total output — 

N. of urine .... 181-31 grms. 

•5 grm. daily constant . . 10 00 ,, 

Total nitrogenous metabolism . 191-31 „ 

= 65-28 per cent, of tie nitrogen of the diet. 
= 9-66 grins, nitrogen per man daily. 


Tubs. 

Quautity 
of urine. 

Beaction. 

Totam. 
of urrne. 

N.of 

rice. 

N.of 
kalai dal. 

N.of 

vegetables. 

Weight. 


a C. 


Grms. 

Grms. 

Grms. 

Grnos. 

Lbs. 









r 

6,100 

Acid 

26-47 

32-08 

24-77 

1-96 

t 

109*9 


4,230 

,, 

25*83 

32-08 

24-77 

! 

1-96 

109*8 

Four prisoners . , 

4,960 

99 

29*78 

32-08 

24-77 

1-96 

109*9 


5,000 

99 

30*73 

32-08 

24-77 

1-96 

1 

110-0 

1 

• 7,260 

99 

31*30 

32-08 

24-77 

1-96 

110-0 
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Total intake o£ nitrogen = 293-05 grms Total output— 

N. of urine . . . 144-11 grms. 

•5 grm. daily constant . 10-00 „ 

. Total nitrogenous metabolism 154-11 „ 

=52-58 per cent, of nitrogen of diet. 

= 7-71 grms. of nitrogen per man daily. 

The rice used in all these experiments was rice grown on the Eanchi plateau. 
The analysis showed the proximate principles to be practically identical with 
those obtained from country rice. It is said, however, to be much preferred by 
the native tribes to any rice grown elsewhere. 

What do we learn from this series of observations ? 

With the same food materials identical in every particular we have got very 
different degrees of nitrogenous metabolism among the representatives of the 
tribes examined, and also great differences compared with the Bengali and 
Ooriya. 

The “ Pater ” tribesmen absorb 64'06 per cent, of the protein of their diet, 
which means the metabolism of 9‘38 grms. nitrogen or 58*62 grms. of protein per 
man daily. 

The “ Moondas ” absorb 67 *86 per cent, of the total protein of their diet, winch 
means the metabolism of 8*48 grms. nitrogen or 52*90 grms. of protein per man 
daily. 

The“Swansi” tribesmen absorb 65*28 per cent, of the total protein of their 
diet, which means the metabolism of 9*56 grms. nitrogen or 59*75 grms. of protein 
per man daily. 

The “ Uraons ” absorb 62*58 per cent, of the total protein of their diet, which 
means the metabolism of 7*71 grms. nitrogen or 48*18 grms. of protein per man 
daily. 

Put in tabular form the contrast will be evident : — 


Tribe oePeobre. 

Per cent, of N. 
of diet 
absorbed* 

1 

Gms. of nitrogen 
per day undergoing 
metabolism* 

• 

Grammes of protein 
per day nndeigoiit^ 
metabolism. 

Patet Swaasl % * i 

64-06 to 66-28 

9-38 to 9-56 i 

68-62 to 5C-75 

1 aiMi “ Uraou 

62-68 to 57-86 

7-71 to 8-48 

48-18 to 62-9 

1 Bengali and ** Ooriya 

49-76 to 60-7 

7-39 to 7-69 

4C-20 to 48-13 


The absorption of protein and the degree of nitrogenous metabolism possible 
from practically identical dietaries are markedly higher in the aboriginal trib^ 
“ Pater ” and “ Swand ” than in the two other tribes examined — “ Moonda 
and “ XJraon,” or in the inhabitants of the plains of Bengal and Orissa- 
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SECTION 3. 

3. The effect on nitrogenous nietiibolisin of Viuyiiig the quantities of 
the components of the ordiiioiy Jail diet. 

Having worked out tke average amount of nitrogen absorbed from the ordinary 
jail diet, the next step in our investigations was to vary the quantities of 
the different materials forming the diet, and note the effect on the amount of 
nitrogen undergoing metabolism. In describing this part of the work we shall 
give the results of our investigations under three headings : — 

(a) The effect of varying the amount of rice in the diet when the other con- 

stituents are kept constant in quantity. 

(b) The effects of varying the amount of dal when the other constituents are 

kept constant in quantity. 

(c) The effects of varying the amounts of rice and dal when the total nitro- 

gen of the diet is kept constant. 

(a) The effect of varying the amount of rice in the diet, the remaining consti^ 
tuents being constant in quantity. — Ten prisoners on the full diet of Burma rice and 
arhar dal observed for two consecutive days- — see Table II (i) — absorbed 53’66 per- 
cent. of the total nitrogen of the diet, which is equal to the metabolism of 7*85 grms. 
nitrogen per man daily. 

This result — ^which is slightly higher than the average protein metabolism for 
Bengalis and Ooriyas on the full jail diet — is to be contrasted with the follow- 
ing in which the quantity of Burma rice is decreased, the other components 
femaining constant. 

TABLE V. 

(i) Investigations on the degree of nitrogenous metabolism on the jail diet when 
the amount of Burma rice is reduced from 26 ozs. to 19i ozs. per man daily, the 
ordinary 6 ozs. of arhar dal being constant. 


Five prisoners observed for five consecutive days. 


Batch A. 

QuaAtity 
of larine. 

Reaction. 

Total N. 
of urine. 

N.of 

rice. 

N. of 
arhar daL 

N.of 

vegetables. 

Weight. 

livH Pbisohees. 

C. C. 


Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 


1' 9,230 

Acid. 

40-38 

31*30 

28-90 

2*36 

115 

One Himdu . 

6,270 


37*83 

24*87 

30-10 

2-36 , 

114*8 

Four Maliomedaus 

8,420 


39*37 

31*30 

29-40 

2-36 

114*6 


j 

1 - 7,450 : 

1 ' ' ^ 

>9 

39*00 

30*80 

30-10 

2-36 

, '115*1 


i 8,150 :1 

^ ' ' ! 

99 

I ■■ 

I 42*77 

I 

I 

31*30 

30-10 

2-36 

115 
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Total N. of intake — 


Total output — 

iJ . oi rice 

149‘57 guns. 

N. of urine . . 199-35 grms 

N. ot arbar dal 

. 148-66 „ 

•5 grm. daily constant 12-60 „ 

il. of vegetables 

. 11-80 „ 

Total N. metabolised =21T86 _ „ 

Total N. of intake 

. 310-03 „ 

= 68-33 per cent, of total N. of diet, 
= 8-47 grms. per man per day. 


From this result we find that, under exactly tlie same conditions as regards food- 
material, a reduction of the quantity of rice in tlie ordinary jail diet is at once 
followed by a great increase in the percentage of nitrogen absorbed from tbe diet, 
and, at the same time, by a large increase in tbe actual amount of protein under- 
going metabolism. Thus : — 

Table II (i). — From 26 ozs. Burma rice and 6 ozs. arbar dal 7‘85 grms, 
nitrogen are absorbed, wbicb is 63*66 per cent, of nitrogen of diet. 

Table V (i).— From 19 ozs. Burma rice and 6 ozs. arbar dal 8*47 grms. 
nitrogen are absorbed, wbicb is 68*33 per cent, of nitrogen of diet. 

These two sets of observations are absolutely comparable for tbe dal given was 
tbe same m kind and quantity in each ; in fact tbe only point open to tbe least 
doubt is that tbe metabobsm of 7*85 grms. nitrogen is perhaps too high, due to tbe 
prisoners having been observed for only two days ; but it was not possible to get 
them to take tbe full quantity of rice longer. So that tbe increase in tbe amount 
of nitrogen undergoing metabolism and the increase in tbe percentage of tbe 
nitrogen of tbe diet absorbed, when a decrease in tbe quantity of rice from 26 ozs. 
to 19 ozs. took place, would probably be even slightly greater than we have shown. 

This efiect of decreasing tbe amount of rice may be due either to tbe lessened^ 
buMness of tbe diet permitting of a better percentage absorption of tbe protein 
of the rice or of the dal or, as most probably is tbe true explanation, to an 
increased protein absorption from both rice and dal. 

(ii) Investigations on tbe degree of nitrogenons metabolism on the jail diet when 
the amount of Burma rice is reduced from 26 ozs. to just under 23 ozs. per man 
daily, the ordinary 6 ozs. of mattar dal being constant. 


Five prisoners observed for five consecvdive days. 


' ^Ba’Toh A. 

Quantity 
of urine. 

Eeaotiou. 

TotalK 
of urine* 

N.of ' 
rice. 

]!sr*of 

mattar dal* 

N.of ' 
vegetables. 

Weight. 


C.G. 


Gms. 

GriuB. 

Grms. 

Grms. 

Lbs, 


f 7,680 

Acid. 

37-05 

35-24 , ■ 

29-66 

2-36 

: 115' 

OneHWu',''' ^ 

1 8,760 


36-07 

36-41 

29-66 

2-36 

115 - 


i 8,496 


" '37-27 

36-94 

29*66 

^ 2-36'.^ 

114-9 


1 10,010 

■ ty . 

■, 40'58"-' 

35-69 

29-66 

'2*36 ' 

IM-S 


1 8.630 


3B-06 

, 34-75 

29-66 

^ 2*36 ' 

114-9 
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Total N. intake — 

N. of rice . 179-03 grms. 

„ „ mattar dal 148-30 „ 

„ „ vegetables 11-80 ,, 


Total N. intake . =339-13 


Total output — 

N. of urine . . . 189-93 grros. 

•6 grm. N. daily constant . 12- 60 „ 


Total nitrogenous metabolism 202-43 „ 

= 69- 69 per cent, of nitrogen of diet and means 
the metabolism of 8-09 grms. of nitrogen per 
man daily. 


These observations are also strictly comparable -w-itb those shown in (i) of this 
table. It will be seen that the nitrogen of the dal and vegetables is the same in 
both sets, and that the only variation is in the amount of nitrogen from Burma 
rice. The percentage absorption and protein metabolism show the usual increase 
following a diminution in the amount of rice to 23 ozs. per man da ily. 

Therefore with strictly comparable results we get : — 

With 26 ozs. Burma rice + 6-98grms. N. from arhar dal 7-86 grms. N. are absorbed. 

„ 23 „ „ „ + 6-93 „ „ „ mattar „ 8-09 „ „ „ 

1 , 19 j, ,5 ,, d" 6* 98 ,, ,, ,, arhar ,, 8 47 ,, ,, 


(iii) Comparison of the degree of protein metabolism on diets containing the same 
amounts of nitrogen in the form of massur and mattar dais, but in which the 
quantity of Burma rice varied— 'in the first diet 24 ozs. were consumed, in the second 
20 ozs. were consumed. 


Diet I 

Ten 'prisoners observed for -five cmisecutive days. 


Batch. 

Quan- 
tity of 
urine. 

Re- 

action. 

Total 
N. of 
urine. 

N. of 
rice. 

N.of 

ma^.stir 

dal. 

N.of 

mattar 

dal 

H. of 
vegeta- 
bi.s. 

Weight. 


C. C. 


Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 

Tm prisoBers, Beagalis 

16,590 

Acid. 

73*78 

75-94 

34-26 

29-66 

''4*72 ' 

115-6 


17,860 


72*76 ■ 

75*54 

34*26 

29*66' 

4*72 

115*4 


18,930 

„ 1 

79*82 

'77*64 

, 34*26 

29*66 

4*72 

115*5 


15,610 

,, 

74-38 

76*39 

1 

34*26 

29*66 

4*72 

, 

115:*5 


15,880 


74^82 

, 72*62 

34*26 

29*66 

' ' 4*72^ ^ 

115*5 


I 2 



Total nitrogen intake- 


m 

Total output — 

N. of Burma rice 

. 378- 13 grms. 

N. of urine . . . 375-6 grms. 

H. of massur dal 

171-30 „ 

-5 grm. daily constant . . 25-00 ,, 

N. of mattar dal 

148-30 „ 

— 

N. of vegetables 

23-60 „ 

Total nitrogenous metabolism . 400- .56 _ 

Total nitrogen intake 

721-33 ,, 

=56-39 p.c. of the total nitrogen of the diet 
= 8- 00 grms. of nitrogen per man daily. 


Diet 11. 

Five prisoners observed for five consecutive days. 


Quan- 

Batoii. tity of 

urine. 

Re- 

action. 

Total 
]sr. of 

urine. 

N. of 
rice. 

K of 
massur 
dal. 

N. of 
mattar 
dal. 

N. of 
veget- 
able, 

' 

Weight. 

a c. 


Grms, 

, 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 

Five prisoners, Bengalis , 8,820 

Acid 

43-46 

31-30 

17-13 

14*83 

2*36 

115-8 

9,360 


37-46 

' 31-30 

i 

17-13 

14-83 

2*36 

115-7 

8,470 

>9 

38-53 

31 '30 

17*13 

^ 14-83 

2*30 

115*0 

j 8.930 

j 


38-50 

31-30 

1 

17-13 

1 14-83 

2-36 

^ 115*8 

' 6,700 

1 

if 

39-61 

, 31*30 

17-13 

14-83 

2*36 

115-8 


Total intake of nitrogen— Total output — 

N. of Burma rice . . 156'50grms. N. of urine . . . 197'56grms, 

N. of massur dal . . 85' 65 „ • 6 grm. N. daily constant . 12-50 „ 

N. of mattar dal . . 74- 16 „ 

N. of vegetables .■ . 11-80 „ Total nitrogenous metabolism 210-06 „ 

= 64- 03 per cent, of the nitrogen of the diet. 

Total nitrogen intake . 328-10 „ = 8-40 grms. nitrogen per man daily. 

Therefore, from these investigations we again obtain evidence supporting the 
other results : that a decrease in the quantity of rice of the diet is followed by an 
increased protein metabolism. 

The results obtained from these two diets are strictly comparable as the 
amount of rice alone varied — the other constituents of the diet remaining the same 
in kind and amount throughout both periods of observations. 

Results contrasted : — 

With 24 ozs. Burma rice + 6* 39 grms. N. from mattar and massurdals 8-00 grms 
absorbed. 

With 20 ozs. Burma rice + 6-39 grms. N. from mattar andmassur dais 8- 40 grms. 
absorbed. 

Assuming that the same quantity of nitrogen will be absorbed from the 6 ozs. 
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of the different dais used in (i), (ii) and (iii) of this table, we may state the 
results in the following way : — 





Per cent, of 
nitrogen of diet 
absorbed. 

Grms. of nitrogen 
absorbed. 

Grms. of prctein 
absorbed. 


"26 ozs. 

Burma rice 

53-66 

7-85 

49-12 


24 „ 

j? • 

53-39 

8 00 

50-00 

Dais, vegetables, H 

23 

• 

39-69 1 

1 S‘00 

60-56 

etc., coiistant. 

20 „ 

'7 )9 

64-03 

8-40 

62-50 


Ug „ 

99 5? 

68-33 

8*47 

62-93 


Contrast this with the average results for Bengalis and Ooriyas : — 


Full jail diet 50-00 7-56 47-18 

We have, therefore, very strong evidence from these observations that a 
decrease in the quantity of rice from the 26 ozs, of the jail diet to 19 ozs. permits 
of a much better absorption of the protein of the diet. In order to confirm this 
view two sets of investigations were arranged in which, as far as possible, the same 
five men were observed on diets containing different quantities of rice, while the dal 
remained the same in kind and amount throughout the periods during which they 
were under investigation. 


(iv) Investigation of the degrees of nitrogenous metabolism on diets based on the 




following scheme. 




Constants . . j 

Massnr dal 30 02 s. . ^ 

Vegetables 30 ozs., etc. J 

• { 

Burma rice 100 ozs. = Diet 1 
„ „ 125 „ = Diet II 

„ ,, 90 „ = Diet in 

f 



Viet I. 





Five 'prisoners observed, for five days. 



Batch A. 

Quantity 
of urme. 

Total N. 
of urine. 

'•N. of 
Burma 
rice. 

N. of 
massur 
dal. 

N. of 
veget- 
ables. 

Weight. 

Kesult. 

f 

Five prisoners, 
Bengalis. 

1 

fi p 

11,860 

13,400 

10,790 

12,320 

12,890 

Grms- 

37*02 

39*73 

35*65 

38*28 

39*99 

Grms. 

31*40 

31*40 

31*40 

31*40 

31*40 

Grms. 

37*68 

37*68 

37-68 

37-68 

37-68 

Grms. 

2*36 

2*36 

2-36 

2*36 

2*36 

1 

Lbs. 

125*8 

125*7 

125-7 

125- 8 

126- 0 

Absorption 
56*87 per 
cent, of iSf. 
of diet 

8-12 grms. 
H, per day 
per man. 
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Diet II. 


Batch A. 

Quantity 
of urine. 

Total N, 
of nrino. 

of 

Burma 

rico. 

N-.of 

niAssiir 

dal. 

N. of 
\ ogot- 
abios. 

i 

1 Wt'iglii, 

f3 lilt. 

f 

14,850 

37-70 

30*25 

37*68 

2*30 

1 127*6 

5iMo 1 Hilt. 







' 

of <ii did 


11,290 

36-90 

30-25 

37-08 

2-30 

127 -h 

7*31 i.uiiK 
<6 \. |m tk\ 

Five prisoners, 

9,590 

3i-37 

30-25 

37* OS 

2*36 

, • 

|H*! mail. 

Bengalis, 








13,250 

38-80 

39 ■25 

37-68 

2-36 


M 


14,240 

38-28 

30*25 

37-08 

2*36 

123 -r» 


Piet 111. 

• 

10,110 

38-82 

28*2rt 

37 * 68 

2*36 

128*0 

5tM7 |n»i 


10.S80 






(I'll!. X. iif 


38-84 

2s -26 

37 -os 1 

2*36 

127 *tl 

' tiifl H'l2 

(.■rttih. Ilf X, 


Five prisoners, ^ 

10,900 

30-77 

28*20 

37*68 

2*36 

127-8 

|‘<*r <|ay |j«‘r 
miwh 

Bengalis, 

9,820 

Se-84* 

2H-2<! 

37*68 

2*36 

127 



10,200 

39-:M 

28-2fi 

37 *68 

2- 31! 




What is to be learned from ihe roHults of tlicKe thret* ({iets ? 


Total intake — 

N. of rice . 

N. of dskl . 

N. of vegetables . 

Total N, intake 


Piet 1. 

Total <mt|)nt— 

. 157-OOgrms. N. of urine .... 10<V(>7 gnm. 

• 188*40 „ *5 grms. diiily constant . . 12*50 ,, 

. 11*80 „ . 

Total N. taetab<»!i8rn , . 20:1* 17 f, 

. 367*20 „ sa 56* 87 per cent, of N. of diet 

s* 8* 12 grms. per day iwr ma. 


Total intake — 

N. of rice . 

N. of dal . ■ . 
N. of vegetables . 

Total N. of intake . 


Piet II. 

Total output~ 

. M*^ pm N. of urine . . . .186* 11 

. 188 40 „ “5 grm, daily constant . . 12* . 

, 11*80 „ ’ 

~ Tota N. metabolism . . . 198*61 „ 

. 390* an „ 60* 10 per cent, of N. of dfet 

«• 7*94grm». perday perm&n. 


63 


Total intake — 

N. of rice 
N. of dal 
N. of vegetables 

Total N. of intake 


Diet 111. 

Total ontpnt — 

. Ml'SOgrm^. N. of urine .... 190'62gnns. 
. 188-40 „ • 5 grra. daily constant . , 12-50 „ 

. 11-80 „ 

Total N. metabolism . , 203 '12 „ 

. 341-50 „ =69- 47 per cent, of N. of diet 

= 8-12 grms. N. per day per man. 


Therefore we get the folio-wing results : — 

Diet I 
Diet II 
Diet III 


Massur Dal 6 ozs. 
Vegetables 6 „ 


Bice 20 ozs. 


„ 18 „ = 


Grms. of N. Per cent, of N« 
absorbed. absorbed. 

. 8-12 66-87 

. 7-94 60-10 

. 8-12 69*47 


(v) Investigations of the degrees of nitrogenous metabolism on diets composed 
of Burma rice, arhar dal and vegetables. The amounts of dal and vegetables -were 
kept constant, but the quantity of Burma rice varied in each diet. 

Constants. 

Arhar dal 30 ozs., i Burma rice 100 ozs. = Diet I, 

Vegetables 30 ozs., „ „ 126 „ = Diet II. 

etc. i „ „ 90 „ = Diet III. 


Diet 1. 


Five prisoners observed for five days. 


Batch B. 

Quantity 
of urine. 

Total N. 
of urine. 

N. of 
Burma 
rice. 

N. of 
arhar 
dal. 

N.of 

vegeta- 

bles. 

Weight. 

Eesult. 


C. C. 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 



16,160 

35*63 

31*40 

30*66 

2*36 

115*8 

J 

1 


14,000 

34*69 

31*40 

30*65 

2*36 

115*9 

53*36 per 
cent- of of 

Fiva prisoBers, 

11 660 

32*48 

31*40 

30*65 j 

2*36 

116*1 

diet 6-87 

grms. of N. 

Bengalis. 

12,860 

29*32 

31*40 

30*65 

2*36 

115*8 

per day per 
mm* 

- 

. 12,360 

27*34 

31*40 

30*65 

2*36 

i 

115*0 
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Diet 11. 


Batch B. 

Quantity 
of urine. 

Totam. 
of urine. 

N. of 
Burma 
rice. 

N, of 
arhar 
dal. 

N. of 
vegeta- 
bles. 

Weight. 

Result, 



c. a 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 




14,270 

31*46 

39*25 

30*65 

2*36 

118*8 

44-80 pt r cent. 


r 

i 






of N. of diet 


1 

1 

12,630 

30*23 

39*25 

30-65 

2*36 

118*6 

= 6-48 grms. 


i 

1 







N, per day 

Five prisoiiersj 

t 

i 

10.840 

28 *£2 

39*25 

30*65 

i 

2*36 

118*6 

per man. 

Bengalis. 


13,670 

32-53 

39*25 

80-65 

2*36 

118*9 




11,070 

27-04 

39*25 

1 30*65 

2*36 

118*9 


Diet 1] 

il. 


f" 

0,400 

27-30 

28*26 

30*65 

2*36 

116*2 

56-86 f er cent. 









of N. of diet 



0 8M) 

23*09 

28*26 

30*65 

2*36 

llC-2 

= 6*97 grms. 








N. per day 

Five prisoners? 



25*35 

28*26 

30*65 

2*36 

116-3 

per man. 

Bengalis. 


9,620 

26*86 

28-26 

30*65 

2*36 

116 




6,230 

26*77 

28-26 

:!0-65 

2-36 

116-2 



What is to he learned from these resxilts ? 


Total intake — 

N. of Bnnna rice 
N. of arhar dal 
N. of vegetables 

Totara. of intake 


Diet 1. 


. IST-OOgrms. 
. 153-25 „ 

. 11-80 „ 


. 322-05 


Total output — 

N. of urine . . . 160- 36 grins. 

’ 5 grm. constant daily , 12-50 „ 


Total N. metabolism . . 171 * B6 „ 

=53-36 per cent, of N. of diet 
= 6-87 grms. of N. per day per man. 


Total intake— 

N. of Burma rice 
JT. of arhar dal 
N. of vegetables 

Total N. of intake 


Diet II. 

Total output— 

. 196" 25 grms. N. of urine . . . 149-48 grms. 

. 153-25 „ • 5 grm. constant . ,12-60 „ 

. 11-80 „ 

Total N. metabolism . . 161*98 „ 

. 361-30 „ =-44-80 per cent, of N. of diet 

= 6*48 grms. of N. per day per man. 




65 


Diet HI. 


Total intake — 

N. of Burma rice 
N. of arhar dal . 
N. of TegetaWes 

Total N. of intake . 


. 141 '30 grms. 
. 163-26 „ 

. 11-80 „ 


. 306-36 


Total output — 

N. of urine (corrected for 6 men) 161*71 grms. 
•5 grm. per day constant . 12-50 „ 

Total N. metabolism . . . 174-21 „ 

=66- 86 per cent, of N. of diet 
= 6* 97 grms. of N. per day per man. 


Therefore -we get the following results : — 


Arhar dal 6ozs. 
Vegetables 6 ozs. 


Grms. of Per cent, of 

N. absorbed. N. of diet 

absorbed. 

Burma rice 20 ozs. = Diet I . 6* 87 53* 36 

„ „ 25 „ = Diet II . 6-48 44*80 

„ „ 18 „ = Diet III . 6-97 56*86 


We thus learn that the actual amount of nitrogen absorbed, from a diet com- 
posed of 6 ozs. each of arhar dal and yegetables, combined with Burma rice 
in varying quantities of 20, 25 and 18 ozs. per man daily, is least when the quantity 
of rice is 26 ozs., greatest when the amount of rice is 18 ozs. and only slightly 
different when 20 ozs. of rice are consumed. These observations again confirm 
the results already obtained in previous investigations. 

It is worthy of note that in both these sets of investigations — with massur dal 
and arhar dal — although the chemical analyses of the dais gave a fairly high 
percentage of protein, it was anticipated at the time that the absorption of protein 
from the diets would be low. The reason for this opinion was the inferior quality 
of these dais in appearance, and the numerous blackened grains present in the 
samples. The results show a diminution in the actual quantity of nitrogenous 
metabohsm compared -roth those obtained earlier in the year when the food-stuffs 
were in a fresher condition. Nevertheless, the general effect is practically the 
same, although on a somewhat lower level, as to the influence of the quantity of 
rice eaten in the daily diet, i.e., the maximum protein absorption is obtained 
from a diet composed of rice and dal, when the rice is given in an amount of from 
18 to 20 ozs. per man daily — ^the dal, vegetables, etc., of the diet remaining 
constant. 

(6) The effect of varying the amount of dal when the other constituents of the 
diet are heft constant . — W e have already had a certain amount of evidence that it is 
useless to increase the nitrogen of the diet by addition of dal beyond a certain 
optimum amount, just as it is useless to increase the amount of rice of the diet 

E 
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beyond tbe optimum quantity, in the hope to obtain an augmented protein 
absorption. Thus, we showed in a summary of Table 11 that, with a practically 
constant intake of nitrogen from rice but with a varying intake of nitrogen derived 
from dal, no increase in nitrogenous metabolism accompanied an augmented 
nitrogen content of the diet from dal. 

The figures in support of this view on the basis of batches of five men under 
observation for five days are : — 

f'N. of arliar dal 150’ 10 grms. gave 196‘ 25 grms. absorbed. 

Nitrogen of rice and! N. of massur „ 188’ 40 „ „ 198" 60 ,, „ 

vegetables con- ] N. of „ „ 171'30 „ „ 198-13 „ „ 

stant. 160-81 „ ,. 193-54 „ 

That is, a certain amount of the protein of dal and rice is capable of being absorbed 
from a diet composed of 26 ozs. of rice and 6 ozs. of dal, and, so far as our observa- 
tions go, the amount of nitrogen provided by those 6 ozs. does not appear to mak(^ 
any difierence in the quantity of protein undergoing metabolism. Tlui resulls 
obtained in Puri jail — Table III — bear this out ; however, the quant iiics t>t' nitro- 
gen furnished in the different observations in that jail were too similar to afford 
much assistance. 

The investigations in which gram dal was used show that practically the same 
number of grms. of nitrogen undergo metabolism with 7 ozs. tif gram dal as 
when 6 ozs. of other dais are given. This is shown for Puri jail thus : — 


Basis of five men mdet' ob'iemiUon for five days. 

Nitrogen of rice and f N. of mixed dais 156‘ 36 gave 184- 60 grms. absorbed, 
vegetables con- N. of athar dal 160-62 „ 185*76 „ „ 

stant. (n. of gram dal 161-81 183*76 

In order to clear up the question whether 6 ozs. of dal gives the maximum nitrogen 
absorption, or whether as good absorption would be obtained by decreasing or in- 
creasing the amount of dal in the diet, the foUowir^ observations were made. 

As there was no hope of having the fnU 26 ozs. of Burma rice consumed, the 
investigations were carried out with a constant quantity of 20 ozs. of Burma rice. 
This, of course, introduces a new factor compared with the conditions prevailing 
when the full diet is given, as the rednotion of the diet in bulk may allow of an 
increased absorption of dal when given in quantities of 6 ozs. or even when those 
quantities are increased. The investigations were arranged so that the five men 
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were observed while on diets containing the same quantities of Burma rice, the 
amounts of dal in the different diets varying. 


TABLE V(a). 

(-i) Investigations of the degrees of nitrogenous metabolism on diets based on the 

following scheme 


Five prisoners observed for periods of five days. 


Constants. 


Eiee 100 ozs. 
Vegetables 30 ozs. 




+ 


• Arhar dal 35 ozs. 

JJ ,, 30 5, 


= Diet I. 
= Diet II. 
= Diet III. 


Diet I. 


Batch B. 

Quantity 
of urine. 

Total N. 
of urine. 

N.of 

Burma 

rice. 

N.of 

arhar 

dal. 

of 

vege- 

tables- 

Weight. 

Remaeks. 

Four prisoners, 
Beiigalia, 

r 

C. C. 

11,820 

10,910 

9,680 

12.S50 

10,960 ; 

Grms. 

31-02 

31-69 

28*96 

35*14 

33-72 

Grms. 

31*40 

31-40 

31-40 

31-40 

31-40 

Grms. 

35*76 

35*76 

35*76 

35*76 

35*76 

1 

Grms. 

2-36 

2-36 

2-36 

2-36 

2*36"" 

Lbs. 

117-2 

117-1 

117-1 

117-3 

117-3 

Corrected to a 
basis of five 
men for com- 
parison. 

Diet II. 


r 

15,150 

33-63 

31-40 

30*65 

2-86 

115*8 





34-59 

31*40 

30-65 

2*36 



BatcIiB '' . - 


11,660 ^ 

32-48 

31-40 

30-65 

2-36 

116-0 




12,850 

, 29-32 

31-40 

30-65 

2*36 

115*8 





27-34 

31-40 

30*65 

■Hf 

^ '^2-36 ' 

115*9 
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Biet III. 


Batch B. 

Quantity i 
ol urine, i 

1 

lotam. 
of urine. | 

N. of 
Burma 
rice- 

! 

N. of 
Ariiar 
dal. 

N. of 
vege- 
tables. 

1 

WeigM. 

Remaeks. 

1 

c.c. ; 

: 

Grms. 

Grms. 

1 

Grms. 

Grms. 

Lbs. 



i 

1 

16,460 

38' 02 

1 

31-40 

25*54 

2*36 

117-8 



13,4:70 

j 34-88 

31-40 

25*54 

2-36 

117-8 



10,680 

j 

30-35 

31-40 

25*54 

2-36 

117-6 



11,740 

33-69 

31-40 

25*54 

2-36 

117-8 



13,430 

32-52 

1 

31-40 

25*54 

2-36 

117-8 



What is to be learned from these results ? 


Diet I. 


Biirma rice 20 ozs., athat dal 7 ozs. W man. 


T^otal intake of nitrogen— 

il. of rice . . 157‘OOgnns. 

N. ofarhardal . • 178' 80 » 

N. of vegetables . • ll’SO „ 

Total N. intake . . 347' 60 „ 


Total output— 

N. of urine 

• 5 grnoi. daily constant 


. 160'63gnns. 
. 12* 60 „ 


Total nitrogenous metabolism • 173' 03 „ 
= 49' 77 per cent, of total nitrogen of the diet 

= 6*92 grms. nitrogen per man daily. 


Total intake of nitrogen— 

If. of rice . . 157' OO grms. 

If . of arhar dal . 153' 26 „ 

N. of vegetables . 11' 80 „ 


Total N. mtake 


Diet II. 


Total output— 

If. of urine . • • 159" 36 grms, 

■ 6 grm. daily constant . 12’ 60 „ 

Total N. metabolism . .171*86 „ 

= 53' 36 per cent, of total nitrogen of the diet 
=• 6* 87 grms. nitrogen per man daily. 
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Diet m. 


Total intake of nitrogen— 


Total output — 

H. of lice 

157-00 grms. 

bf. of urine . . • 169 46 grms. 

N. of axbar dal 

127-70 „ 

5 grms. N. daily constant • 12*80 

N. of vegetables 

11-80 „ 

Total N. metabolism . 181-96 „ 

Total N. intake 

296-60 „ 

= 61-40 per cent, of tke nitrogen of the diet. 
= 7-28 gnus, of nitrogen per man daily . 


Thereiore we get tlie following xesults 


Constants. 
Burma rice 20 ozs, 

Vegetables 6 ozs. 


Grms. of H. Per cseut. o£ N. o£ 
absorbed, diet absorbed. 


pAxbaxdalTozs. 

^ -j- ^ 6 » 

J ?> 5> 5 >j 


6-92 49*77 

6-87 53*66 

7*28 61*40 


mtis,l)yma6aBmgaeqiuiiitityoiailiataiafrom6to7ozs. per man daly thete 
fapraotioa%nommeaseoljtmiedinaeamoimtofFotei» mdergomg 

ietaboliam, wHle a deoreasa in the athar dal torn 6 to 5 om. cases a sli^t increase 
in the protein metabolism. As would be enpeoted the percentage absorption 
oi nitrogen with 7 ora. oi arhar dal in the diet is very low, oonsidetmg that the rice 
has been decreased to 20 ora., while it shows a distinot increase when the arhar dal 

is reduced to 5 ozs. daily. 


[The arhar dal in use in these observations was that whioh gave such poor 
resuteas to its absorption in other experimento-see Table V (v)-prohahly 
from its inferior quality and from the fact that it had he«a in store all the ye^ with 

toeresultthatmany seeds had become hlackenei] The re^t^ how^«. des^e 

this are oomparable for the three diets and show that, m all probabdity, toe 

eptidmm amount of dal is e^eeded in a diet of toe tower BengaLjail type which 
eontains 6 OZS. of dal dafly. 
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(ii) Investigations to show the effect of a reduction of massur dal from 6 to 5 ozs. 
per man dailjj while the other corstituents of the diet are constant. 


Rice and vegetables constant. + 


{ 


30 ozs. masstxr dal = Diet I. 
25 ozs. ma^ur dal = Diet II. 


The figures for Diet I will he found on Table V (iv), Diet I of this Chapter, the 
results showing an absorption, with 20 ozs. Burma rice and 6 ozs. of massui dal, 
of 8'12 grms, nitrogen per man daily, which means 66‘ 87 per cent, of nitrogen of 
the diet. 


Diet 11. 


Batch A* 

Quantity 
of urine. 

Total H. 
of urine. 

N. of 
Burma 
rice. 

N. of 
massur 
dal. 

N. of ““ 
vegetables. 

h 

Weight. 

Remarks. 

Five prisoners, ^ . 
Bengalis. 

C. C. 

13,960 

13,350 

10,080 

12,120 

. 11,870 

Grms. 

38-98 

37- 94 

38- 44 

38-17 

35-89 

Grms. 

31-40 

31-40 

31-40 

31-40 

31-40 

Grms. ; 

31 '40 

31*40 

31*40 

31*40 

31*40 

Grms. 

2*36 

2*36 

2*36 

2*36 

2*36 

Ip., 

Lbs. 

126*4 

126*4 

126*6 

126*5 

126*5 



Total intake of nitrogen — Total output — 

N. ofBunnarice . . 167* 00 gnus. N. of urine . . . 189*42 grms. 

N. of massur dal . . 157! 00 „ S grm. nitrogen daily constant. 12*50 „ 

N. of vegetables . . 11*80 „ 

Total nitrogenous metabolism 201*92 „ 

Total nitrogen intake .325*80 „ = 61*97 p. e. of the mtrogen of the diet. 




8* 06 grms. of nitrogen per man daily. 

Therefore we get — 





Grms. Kf. 

Per cent, of N. of 



absorbed. 

diet absorbed. 

Burma rice 20 ozs. C 

Massur dal 6 ozs. 

8*12 

66*87 

Vegetables 6 „ ( 

. Massur dal 6 ozs. 

8*06 

61*97 


That is, practically the same amount of nitrogen is absorbed from a diet contain- 
ing 6 ozs. of massur dal daily as when 6 ozs. are given ; so that it would appear 
from this result also that 6 ozs. of dal in the ordinary Jail dietaries is beyond the^ 
amount from which the maximum protein absorption takes place. 
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bv nil «^eless to increase the amount of nitrogen beyond that provided 

obtained* when tb f\I- borne out by the following summary of results 

was added. ^ ^ 


Diet of 26 ozs. country rice and 6 ozs. mung dal - nitrogen absorbed 187-28 gnus. 

” » ” => ^ » » » -- » „ 185- 67 gnus. 

These observations were carried out on the same prisoners for five days and are 
therefore strictly comparable. 

We may conclude from the results of these^hree sets of observations that there 
is nothing to be gained by trying to increase the amount of protein in the jail diet- 
aries by adding more dal to the 6 ozs. already provided in the jail scales. The 
protein absorption is quite as good from a diet of the Lower Bengal jail type with 
6 ozs. of dal as when 7 ozs. are given. Further, we have brought forward evi- 
dence to show that the absorption is equaUy good when the dal of the jail dietary 
is reduced to 5 ozs. per man daily, and that it is highly probable that the amount 
of dal given in the jail diet, when combined with 26 ozs. or even 20 ozs. of rice 
and 6 ozs. of vegetables, exceeds the quantity from which the maximum absorp- 
tion is possible. 

(c) The effects of varying the ammUs of rice and dal—the total nitrogen of the 
diets remaining constant.—lt wffl he evident from the results hitherto obtained, 
%,e., a decrease iu the amount of rice or dal from the ordinary Bengal jail 
standard being followed by an increase in the amount of protein undergoing meta- 
bolism, that no fixed ox constant co-efficients of absorbability for the protein of rice 
ol dal would explain the variations in absorption that accompanied changes in the 
amounts of those substances in the dietaries. The only explanation possible 
appears to be that for varying quantities of rice or dal varying co-efficients of 
absorbability must hold — these co-efficients varying to some extent inversely with 
the quantities of the food materials forming the diet. 

In order to obtain some idea of those variations we arranged for a series of 
observations in which, while the amount of nitrogen furnished by the diets re- 
xnmned fairly constant, the individual constituents of the diets were markedly 
varied. 

TABLE VI. 

The diets of these investigations were as follows : — 

Diet I. — ^The ordinary jail diet f 

(. 6 ozs. mung dal. 

Diet 11, — ^Rice reduced to 16 offl. Dal increased to 8*4 ozs. 

Diet in. — ^Rice iuoreased to 32 ozs. Dal reduced to 4 ozs. 
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Diet 1. 


Vive 'prison&rs for five consecutive days. 



Quantity 
of urine. 

Eeaction. 

Total N. 
of urine. 

N.of 

rice. 

N. of 
mtmg 
dal. 

N. of 

vegetables. 

Weight. 



C.C. 


Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 



10,830 

Acid 

39-62 

37*62 

32*23 

2-36 

115-9 



7,170 

j 

„ 

32-77 

37*69 

32-06 

2-36 

115*6 

li¥e prisoners . . 


8,850 i 

,, 

36-67 

41-17 

82-06 

2-36 

116 



9,970 

,, 

35-43 

37-49 

32-26 

2-36 

116 

- 


7,120 

„ 

36-68 

41-17 

32*20 

2*36 

115*9 


Total intake ot nitrogen — 
N. of Bimna rice 
lif. ofmnngdal . 

H. of vegetables . 


194‘ 14 grms. 
160-81 „ 
11-80 „ 


Total N, of intake 


366-75 


Total output — 

N. of urine . . . 181-04gniis. 

- 5 grm. daily constant . 12-60 „ 

Total nitrogenous metabolism 193-64 „ 

= 62- 60 per cent, of tbe nitrogen of the diet . 
= 7- 74 grms. nitrogen per man daily. 


Diet II. 


Five prisoners for six consecutive days. 


"Batch A. 

Quantity 
of urine. 

Eeaction. 

Totals, 
of urine. 

H.of 

rice. 

N.of 

muug 

daL 

N.of 

vegetables. 

Weight. 



C.G. 


Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 



7.410 

Acid 

41*70 

' 

24-80 

45*50 

2-36 

114 



6,230 


36-19 1 

24*80 

46*50 

2*36 

113*8 



8,060 

9f 

40*79 

24*80 

44*88 

2-36 

113*5' 

■Ihrejrisohers 











8,830 

9* 

39*62 

24*80 

46*50 

2-36 

114 



7,800 

. 99 ' 

39*36 

24*80 

46*50 

2*36 

114 


L 

8,870 


42*58 

24*80 

45*50 

^2•36 " 

' 114,;: 
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Total intake — 

N. of rice . . MS-SOgrms. 

K ofnmngdal . 272' 38 „ 

N. of vegetables . 14*16 „ 

Total N. of intake . 435* 34 „ 


Total output — 

N. of urine . . .240*24 grms. 

Constant- 5 grm. daily . 16*00 „ 

Total N. metabolised . 256*24 ,, 

== 58-86 per cent, of total N. of diet. 
= 8-51 grms. of N. per day per man. 


Diet 111. 


The same five prisoners for five consecutive days. 


Batch A. 

Quantity 
of urine. 

Beaotion. 

Total N. 1 
of urine. 

N.oi 
rice. , 

N. of 

1 mung ^ 
i dal* 

1 1 

K.of 

vegetables. 

Weight. 


a C. 

Gitos, 

Grms. 

1 

Grms. 

Grms. 

Grms. 

Lbs- 


^ 8,420 

Acid 

29*82 

49*60 

21*66 

2*36 

115*6 


7,700 


29*64 

46*60 

21*66 

2*36 

116 

Five prisoners, Bengalis 

! 8,380 

99 

31*38 

49*60 

21*66 

2*36 

116*4 

! 

i 11,280 

1 

99 

29*92 

46*02 

21*66 

2*36 

• . 


b 10,640 

99 

30*61 

46*17 

21*66 

2*36 

116*2 


Total N. of intake — Total output — 

N. of rice , 237* 99 grms. N. of urine . . . 151*37 grms. 

N. ofmungdal . 108*30 „ Constant * 5 grm. daily . 12*50 „ 

* F. of vegetables . 11*80 „ 

Total nitrogenous metabolism 163*87 „ 

Total N. of intake 358-09 „■ = 45* 76 per cent, of total nitrogen of diet. 

= 6* 55 grms. of nitrogen per man daily. 


Therefore we obtain, from these obseryations : — 


Diet I — Burma rice ^ozs. 

Mung dal 6 „ 
Diet II — Burma rice 16 „ 
Mung dal 8*4 „ 
Diet III — Burma rice 32 „ 
Mung dal 4 „ 


^ 52* 60 per cent, of N. absorbed 7* 74 grms. N. per man daily. 
^58*86 „ „ „ „ 8-51 „ „ „ „ 5, 

^ 76 jj ,, j, 6 * 55 ,, ,, j, ,, ,] 


■45-76 


9} n 39 93 n 


Now the actual amount of nitrogen absorbed from these different quantities 
of TTT i-mg dal will be very nearly identical — ^we saw it was useless to increase the 
amount of dal in a diet beyond 6 ozs. per man daily, so that little of the increase 
in the nitrogen absorbed in Diet II will be due to the addition of 2*4 ozs. of mung 
dal. It, therefore, follows that there must be an increased percentage absorption 
of the protein of rice and a decreased percentage absorption of the protein of dal 

. I. 
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ia Diet 11 compared witt Diet 1. By a similar line of reasoning it may be accept- 
ed that in Diet III there is a decreased percentage absorption of the protein of 
jice and an increased percentage absorption of the protein of mung dal, even 
though less nitrogen is absorbed from the 4 ozs. of mxmg dal of Diet III than from 
the 6 ozs. of Diet I. As the amonnt of the nitrogen intake is practically identical 
in the three diets, and as very different amounts of nitrogen are absorbed in each 
•case — 

Diet I intake of nitrogen 14- 67 grms. N, absorbed 7-74 grms. 

Diet II „ „ „ 14‘51 „ „ „ 8*61 „ 

Dietm „ „ „ 14-34 „ „ „ 6-55 „ 

it follows that no constant or fixed co-efficients of absorbability of the protein of 
rice and dal are possible that will explain the absorption exhibited from these 
three diets. The only explanation is, therefore, that for varying amounts of rice 
in the diet there is a varying co-efficient of protein absorption, and that for vary- 
ing amounts of dal in the diet there is likewise a varying co-efficient of protein 
absorption — ^these co-efficients of absorption varying inversely with the amount 
■of rice or dal in the dietaries. 

Assuming that about the same absorption of nitrogen takes place from the 
different quantities of dal in the diets, we may make use of the figures for the 
amounts of protein absorbed as a measure of the nitrogenous metabolism on diets 
containing 26, 16 and 32 ozs. of rice, and combining these with the results shown 
in the foregoing tables, we can plot out the curve of the nitrogenous absorption from 
diets containing varying quantities of rice, when the absorption of nitrogen from the 
dal of the dietaries is fairly constant. In this curve* the extreme figures — ^those for 
16 ozs. and 32 ozs. of rice — are probably not quite correct : when the rice is reduced 
to 16 ozs. in all probability more nitrogen would be absorbed from 8‘ 4 ozs. of mung 
dal than from 6 ozs., and when the dal is reduced to 4 ozs. per day probably a 
little less than the quantity of nitrogen absorbed from 6 ozs. of mung dal would be 
absorbed from 4 ozs. when the diet contains 32 ozs. of rice. With these possible 
exceptions the curve obtained from these investigations fairly well represents 
the different degrees of protein absorption from diets composed of rice and dal, 
under varying conditions as regard the quantities of rice consumed. 

The %ures on which this chart is based will be found in the different tables 


given in this chapter. They are : — 

"With 32 ozs. of rice consumed 

6-55 grms. nitrogen absorbed. 

SS 26 yy yy 55 

S9 

(average) , 

7-66 „ 

24: 5, yy yy 

99 

• » 

8-00 „ 

, 90 

iUU 35 33 33 

99 


8-09 „ 

S n 20 3, yy ,3 

99 

* 

8-40 „ „ „ . 

'-1 ‘ . IQ 

33 33 yy yy 

99 

♦ # 

8-47 „ 

i ' ' 33 i6 33 33 33 

99 

♦ m 

8-51 (?) „ 


* Ciiart I. 
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We have reason to believe that the top of the curve or maximum absorption 
lies about 18 ozs. of rice per man daily ; — something like what has been introduced 
in the dotted lines joining 19, 18 and 16 ozs. The marked flattening that begins 
from 21 ozs., as the curve is traced back with diminishing quantities of rice, 
shows that we are nearing the limits fox a maximum absorption and that those 
limits lie close to about 18 ozs. of rice. We may, therefore, conclude from the 
results of these investigations that in a diet of the lower Bengal jail type the 
optimum amount of rice has been long passed before 26 ozs. per man daily is 
reached, and that this optimum is about 18 ozs. Consequently any rice in the 
dietaries in excess of 18 ozs. per man daily is not only useless but actually 
clogs the absorption of protein, so that the amount of nitrogen undergoing 
metabolism actually falls. The amount of rice in the dietaries of lower Bengal 
should not therefore exceed from 18 to 20 ozs. per man daily. A reduction of at 
least 8 ozs. per man is therefore not only possible but — what :is of more import- 
ance — is greatly to be desired in the interests of the prisoners : for, by this reduc- 
tion nitrogenous metabolism is p’aced on a higher level and, at the same time, 
the excessive carbohydrates of the diet with their concomitant disabilities are to 
some extent lessened. 

The composite chart we have plotted for the absorption of protein in dietaries 
containing varying quantities of different dais is derived from the figures given in 
Table V (a) of this chapter. (See Chart II.) 

We do not attach anything like the same importance to this chart as to 
Chart I, for various reasons, the most important being that w hen the rice of the 
.diet scale is reduced to something approaching proper physiological conditions, 
the level of nitrogenous absorption is so raised that a reduction in the amount of 
dal by 1 oz. per man daily, even if it had any effect in decreasing nitrogenous 
metabolism — the results of all our investigations are opposed to any such 
effect — ^would not be a matter of any consequence. 

Further, with a reduction in the quantity of rice, less dal wiU naturally be re- 
quired for the proper admixture of the ingredients of the diet, to render it palat- 
able and of the desired'consistency. When we come to the working out of 
practical diet scales we shall have other methods of providing absorbable protein, 
without running any risk of increasing the quantity of dal beyond its physiologi- 
cal limits. 

SECTIOTSr 4. 

4. The effects of varying the components of the diet, i,e,, of adding 

wheat ata, fish or meat. 

We have made a large number of observations on the effects of adding wheat 
ata, fish or meat to the diet, while at the same time decreasing the quantity of rico 

L 2 



76 


-or dal as tlie case may be. The results obtained were very much what we expect- 
ed. As soon as any of these substances were substituted for rice the percentage 
■of protein absorption showed a sudden rise and the actual protein metabolism 
became largely increased. As it would not serve any useful purpose to give in 
full detail all the different experiments carried out, and as all that is to be 
learned from them can be shown ia a few examples, we shall content ourselves 
by stating as concisely as possible the results of the observations. 

We shall take up this part of the work under two heads— 

{a) Effects of adding wheat ata to the lower Bengal dietaries. 

{h) Effects of adding an animal protein to the Lower Bengal dietaries. ■ 

( a ) The eeeeots oe aeding- wheat ata to the rice and dal oe the 

OEDINAEY DIET. 

TABLE VIL 

(i) Investigations to determine the degree of nitrogenous metabolism on a diet 
of the lower Bengal type, when only half the quantity of rice is given and a sufficient 
quantity of wheat ata is substituted to replace the nitrogen lost by the reduction 
of rice. 


Puri JaU — Ooriyas — four mm observed for eight days. 



Total output — 

128'32 grms, K of urine .... 323'99grms. 
205‘60 „ '6 gnu. daily constant . . 16'00 „ 

121-04: „ 

15-68 „ Total metabolism . . . 339*99 „ 

=72-24 per cent, of the nitrogen of the diet, 

470-64 „ =10*62 grms. nitrogen per man daily. 


Total intake of mtrogen — 
N. of rice 
N, of dais* . 

N. of wheat ata 
IT. of vegetables . 

Total nitrogen intake 


• Arhar and gram dais. 
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These results should be contrasted with those given in Table III (ii) and 
(iii) 

Ordinary Jail diet 49‘49 per cent, of N. of diet absorbed. 7*43 gnns. daily. 

This diet 72*24 „ „ „ „ 10*63 „ 

That is by giving only one-half of the quantity of rice in the Jail diet, and 
substituting for the other half a sufi&cient quantity of wheat ata to offer an 
amount of nitrogen equal to that lost by the reduction of rice, there is an in- 
crease in the percentage of protein absorbed from about 60 to over 72 per cent, 
and an increase in the actual amount of nitrogen undergoing metabolism from 
7‘4 grms. to 10*52 grms. per man daily. This great increase is due to two 
factors : the diminution in the quantity of rice by decreasing the bulk of the 
diet permits, as we have already seen, of an increased protein absorption ; further, 
the addition of wheat ata is the substitution of a more easily assimilable protein 
for the protein of rice, so that an increased amount of nitrogen is absorbed from 
practically an identical nitrogen intake. It is also possible that the change 
in the type of diet has a favourable influence on protein absorption beyond what 
would normally be the case were the diet constantly in use. Evidence of this is 
afforded by the high protein absorption shown by Ooriyas and Bengalis on 
the addition of wheat ata — ^the percentage of absorption being on the whole 
higher than is the case with Beharis on a s imil ar diet but one to which they are 
accustomed. 


(ii) Investigations to determine the degree of nitrogenous metabolism on a diet of 
, the lower Bengal type when one-fourth the quantity of rice and one-sixth the quantity 
of dal are replaced by their nitrogen equivalent (almost) in the form of wheat ata, i.e . — 

. Bice ... 20 ozs. 1 Wheat ata . '. 6ozis. 

Massur dal . . 5 „ j Vegetables . * . . 6 „ 


Four prisoners — Ooriyas — over -five consecutive days. 


Batoe B. 

Quantity 
of urino. 

Re- 

action. 

]sr. of 

urine. 

K, of 
rice. 

K. of 
massur 
dal. 

N. of 
wheat 
ata. 

R of 
Tegeta- 
ables. 

Weight. 


0. 0. 


Onns. 

Orms. 

Grms. 

Grms. 

Grms. 

Lbs. 

r 

5,330 

Acid 

34-77 

24-68 

23*43 

12-36 

1-88 

118-6 


5,800 

,, 

40-36 

24-68 

23-43 

12*36 

1-88 

118-6 1 

Foiir prisoners, Ooxiyaa, 

6,730 


4M4 

24-68 

23-43 

12-36 

1*88 

118-2 


6,040 


38-89 

24-68 

1 23-43 

12-36 

1-88 

118-4 

V 

- 5,570 


36-34 

24-68 

23-43 

I 12-36 

1-88 

118-5 
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Total intake — 

F. of rice . 

JF. of massurdal 
N. of wieatata 
N. of vegetables 

Total N. of intake 


123-40 grms. 
117-15 „ 
61-80 „ 
9-40 „ 


311-75 „ 


Total output — 

N. of urine . . - 191-50 grms. 

*5 grin, constant . . . 10-00 „ 

Total nitrogenous metabolism 20T50 

=64-63 per cent, of tbe nitrogen of the diet, 
=10-07 grms. nitrogen per man daily. 


Contrast this result with the average protein metaholism on the full Bengal 
jail diet : — 

Full Bengal Jail diet gives 60 per cent, of its N. absorbed = 7-56 grms. daily. 

This diet 64-63 ,, „ ,, ,, =10 07 ,, „ 


i.e., by decreasing the rice by 6 ozs. and the dal by 1 oz. per man daily and sub- 
stituting 6 ozs. of wheat ata, we get an increase in the percentage of protein 
absorption from 60 per cent, to 64-63 per cent, and an actual increase in the 
protein metabolism from 7-55 grms. to 10*07 grms. per man daily. 

Contrasted v.ith the result shovn in (i) of this table the relatively greater pro- 
portion of rice in this diet — 20 ozs. instead of 13 ozs.— has the effect of lowering 
the relative and actual protein absorption. 

In order to solve the problem whether by increasing the wheat ata consider- 
ably a better absorption of protein would be obtained, we added to this diet an 
additional 3 ozs. of wheat ata per man daily. 


(iii) Investigations to determine the degree of nitrogenous metabolism on a diet 
containing a large amount of rice and wheat ata, i.e.— 

Rice ... 20 ozs. j Wheat ata ... 9 ozs. 

Sfessutdal . . 5 „ Vegetables ... 6 „ 


Four friscners—Ooriyas — ever five consemtive days. 


Batch B, 

Qiiatitity 
of urine. 

Ee- 

aetion. 

K* of 
urine. 

K of 
rice. 

K of 
massnr 
dal. 

of 

“wheat 

ate.. 

of 

vegte- 

bles. 

Weight. 



C. C. 
5,800 

Acid 

Grms. 

36-56 

Grms. 

24*68 

Grir^. 

23*43 

Grms* 

18*54 

Grms. 

1*88 

Lbs. 

119*6 



5.750 


37-36 

24*68 

23*43 

18*54 

1*88 

119*8 

Four pt iscHcrSj Ooriyas 

J' 

5,750 

n 

34-01 

24*68 

23*43 

18*54 

1*88 

119*8 



5,860 

99 

38-78 

24*68 

23*43 

18*54 

1*88 

119*5 



. 5,430 

9> 

38-92 

24*68 

23*43 

18*54 

1*88 

119*6 
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Total intake — 

N. of rice . 

N. of massnr dal . 
N. of wkeat ata . 
N. of vegetables . 

Total N. of intake 


123‘40 grras. 
117-15 „ 
92-70 „ 
9-40 „ 


342-65 


Total output — 

N. of urine .... 185-62 grms. 

"0 grm. daily constant . . 10-00 „ 

Total nitrogenous metabolism 195-62 „ 

=57-09 per cent, of the nitrogen of the diet, 
= 9-78 gtms. of nitrogen per man daily. 


The importance of this result is seen -when we contrast it with the foregoing. 

These two investigations (ii) and (iii), Table VII, were made on the same 
prisoners and under exactly ^the same conditions, the only difference being that 
in (iii) 9 ozs. of wheat ata were given instead pf 6 ozs. per man daily. The result 
is ; — 

Constants. Grms. of nitrogen absorbed. osnt. nitrogen absorbed. 

Rice . . 20ozs.'j r Wheat aba 6 ozs. . 10-07 64-63 

Dal . . 5 „ >- -f--] 

Vegetables . 6 „ j C Wheat ata 9 ozs. . 9-78 ’ 57-09 

That is, in a diet containing 20 ozs. of rice we actually get a better absorption 
when 6 ozs. of wheat ata are added than when 9 ozs. are given. So that, with 20 
ozs. of rice in the diet, 9 ozs. of wheat ata is beyond the amount from which the 
maximum absorption can take place. We shall see later, that in the Behari type 
of diet the rice must be reduced considerably below 20 ozs. in order to get the 
maximum absorption from a diet containing 9 or 10 ozs. of wheat ata per man daily. 

We need hardly again refer to the futility of attempting to obtain the co- 
efficient of protein absorption of rice, wheat ata, or dal. Thus, in (ii) and (iii) the 
difference of the nitrogen intake=6’18 grms. is in favour of (iii), whilst the differ- 
ence in nitrogen absorption is 1’ 17 grms. in favour of (ii). So that apparently none 
of the protein of the extra 3 ozs. of wheat is absorbed, i.e., actually less 
protein is absorbed from a diet containing 9 ozs. of wheat ata than from one 
containing 6 ozs. when these amounts are given with 20 ozs. of rice, 6 ozs. of 
vegetables and 5 ozs. of dal. 

The explanation is that the large bulk of the rice interferes less with the 
absorption of a diet containing 6 ozs. of wheat ata than with that of one containing 
0 ozs. 


(iv) Farther evidence of the beneficial effects of a reduction of the quantity of rice 
and the substitution of a more easily assimilable protem, is afforded by the following 
observations carried out in the Presidency Jail, Calcutta. 

We sawin Table V(ii) from investigations on ten prisoners on a diet.of 24 ozs. 
ofBurmarice and 3 ozs. each of massur and mattar dais that 55*39 per cent. 
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of tte nitrogen of tlie diet was absorbed wbicb meant 8‘00 grms. per man 
daily. Contrast this result with that obtained by reducing tbe quantity of Burma 
rice to 18 ozs. per man daily and giving 4*5 ozs. of wheat ata instead. 


Ten prisoners observed over ■five consecvctive days- 


_ Quantity 

of urine. 

]sr. of 

urine. 

N. of 
rice. 

N. of 
wlieat 
ata. 

N. of 
massur 
daL 

No. of 
mattar 
dal. 

N. of 
vegeta- 
bles. 

Weight. 

0. C. 

Grms.j 

Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs, 

f 21,940 

96*87 

66*80 

27*18 

34*26 

29*66 

4*72 

117*6 

24,020 

94*65 

66*80 

27*18 

34*26 

29*66 

4*72 

117*8 

\ 

Ten prisoners, Bengalis . 21.500 

96*69 

66*80 

27*18 

34*26 

29*63 

4*72 

117*8 

1 18,960 

99*84 

66*80 

27*18 

34*26 

29*66 

4*72 

117*5 , 

L 17.960 

97‘10 

66*80 

27*18 

1 

34*26 

29*66 

4*72 

117*6 


Total intake of nitrogen — 

N. of Burma rice . . 284’ 00 grms. 

N. of massur dal . . 171-30 „ 

N. of mattar dal . . 148-30 „ 

N. of wheat ata . , 136-90 „ 

N. of vegetables . . 23-60 „ 

Total N. of intake . 768-10 ,, 


Total output™* 

N. of urine . . . 485-16 grms. 

•5 grm. daily constant . . 25-00 „ 

Total nitrogenous metabolism . 610-16 „ 

=66-85 per cent, of nitrogen of diet, 
=10-20 grms. nitrogen per man daily. 


That is, by reducing the quantity of rice by 6 ozs. per man daily and substitut- 
ing for it 4*6 ozs. of wheat ata, there is an increase in the percentage of protein 
absorption from 55*39 to 66*85 per cent, and an actual increase in nitrogenous 
metabolism horn 8*00 grms. to 10*20 grms. per man daily. 


(v) As we had obtained evidence that 6 ozs. of dal was probably beyond the amount 
&om which the maximum absorption was possible) the following observations were made 
in order to determine the effects of a reduction of the amount of dal firom 6 ozs. to 4 ozs, 
per man daily. The amount of rice was reduced from 26 to 18 ozs.— its nitrogen equi- 
valent being made up by adding 4 ozs. of wheat ata;— 


. 18 ozs. 




Burma rice 
Massur dfd 
Mattar dal 


Wheat ata . 
Vegetables 



Five Bengali 'prisoners observed during five consecutive days. 


Batch B. 

Quantity 
of urine. 

Re- 

action. 

Total 

N. of 
urine. 

H. of 
rice. 

N. of 
mattar 
dal. 

N. of 
mattar 
dal. 

jST. of 
wheat. 

If . of 
vegeta- 
bles. 

Weight. 

k 

C. 0. 


Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 

r 

11,550 

Acid 

42-76 

28-40 

11-42 

9-86 

12-08 

2-36 

117-5 


10,950 

,, 

44-37 

28-40 

11-42 

9-86 

12-08 

2-36 

117-2 

Three Hindus 

10,090 

,, 

37-74 

28-40 

11-42 

9-86 

12-08 

2-36 

117-3 

Two Makomedans 

10,680 

,, 

40-47 

28-40 

11-42 

9*86 

12-08 

2-36 

117-5 


. 10,670 

,, 

38-28 

28-40 

11-42 

9-86 

12-08 

2-36 

117-5 


Total intake — 

N. of rice . 

If . of massTir dal 
If. of mottar dal 
If. of wkeatata 
If. of vegetables 

Total If. intake 


142-00 

grms. 

Output — 

If. of urine . . , =203*62 grms. 

57-10 

99 

*5 grm. constant . . *250 „ 

49-40 

60-40 

99 

99 

Total metabolism . . =216*12 ,, 

11-80 

99 

=67*41 per cent, of N. of diet, 

=320-60 

99 

= 8*64 grms. of IT. per day per man.. 


Taken, in conjunction with tke results obtained from tbe full j ail diet tbe great. 


superiority of this type of diet is yery eyident : — 




Per cent. 

Grms. of nitrogen 


absorption. 

per man daOy. 

Ordinary jail diet —26 ozs. rice, 6 ozs. dal 

. 50-00 

7-55 

This diet — 18 „ „ 4 ,, „ 

4 „ wheat ata 

67-41 

8-64 


When wbeat ata was substituted for part of the rice or dal or both many other- 
results were obtained and all showed the beneficial efiects of a reduction to 18 ozs. 
of the quantity of rice in the diet, when its nitrogen was partly or wholly 
replaced by protein deriyed from wheat ata. The obseryations also corroborated 
the eyidence already brought forward that the 6 ozs. of dal in the ordinary 
jail diet ca.n be reduced with satisfactory results, so far as the protein metabolism 
of the prisoners is concerned. Eyen in the case of gram dal, which is the poorest, 
in nitrogen and, as we haye already intimated, probably the most difdcult of' 
assimilation, a reduction of one ounce per man daily can easily be made— when the 
rice is reduced to 18 ozs. and 4 ozs. of wheat ata are added to the diet— and a. 
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protein absorption be obtained much superior to that possible witbthe ordmary 
jail diet. 

Thus on a diet consisting oi— 


Burma rice 
Gram dal . 


18 ozs. Wheat ata 

5 Vegetables 


, 4 ozs. 

. 6 5 , 


The average metabolism was practically S'SO grms. of nitrogen per day. 

From these observations it is evident that by a very simple change in the diet, 
much better results can be obtained than is possible from the lower Bengal 

dietaries as at present constituted. 

The changes foreshadowed by these investigations would be . 

(a) A diminution in the quantity of rice from the ordinary 26 ozs. to the 
amount from which a maximum protein absorption is possible— 


about 18 ozs. 

(b) A diminution in the amount of dal by two ounces per man daily. 

(c) An addition of a small amount of wheat ata to the diet the amount 

need not exceed 4 ozs. per man daily. 

The effects of these changes would be to place the prisoners on a higher level of 
protein metabolism by increasing very markedly the percentage of protein absorp- 
tion from the diet and decreasing by at least 60 per cent, the amount of nitro- 
genous residue left in the intestinal canal thus obviating one of the worst defects of 
the present diet. At the same time the diminution of rice by 8 ozs. per man daffy 
will help to bring the carbohydrate element and the total caloric value of the diet 
within the bounds of physiological limits, and assist in reducing the excessive 
fermentation in the intestines. We shall have to discuss the framing of diet scale? 
later in the light of investigations carried out over a considerable period on diets 
which have been based on the observations just recorded, and on some others in 
which an animal protein replaced part of the nitrogen of rice. To a consideration 
of the latter we shall now pass. 


(6) The eotiots oe addino ak animal pbotein to a diet oe eice and 
dal — ^Lowee Bengal jail type. 


TABLE Till. 

From investigations carried out in which an animal protein was introduced 
into the diet, it was again very evident that the more the rice was decreased the 
higher became the percentage of protein absorbed. 

The substitution of animal food material for the dal of the diet made a great 
diferenee, but not nearly so much as its substitution for rice. 
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The following series of results bring out these points very clearly : — 

(i) Substitution of nitrogen derived from goat’s flesh for half the nitrogen of 
arhar dal, full diet of 26 ozs. of rice. 

Four prisoners — all Ooriyas — urine of prisoners pooled. 

[The table also shows the gradual efEect of the change in diet, two days being necessary before the maxi* 
mum absorption takes place. The last three days only are accepted.] 


Batch. 

Total 
quantity 
of urine. 

Beao- 

tion. 

N. in 
urine. 

Weight. 

N. in 
rice. 

N. in 
arhar 
dal. 

N. in 
goat’s 
flesh. 

N. in 
vege- 
tables. 


C. C. 


Grms. 

Lbs. 

Grms, 

Grms. 

Grms. 

Grms. 


5,600 

Acid 

27-71 

108-2 

1 32-08 

12-85 

12-95 

1-96 


6,000 

,, 

34-94 

108-5 

32-08 

12-85 

12-95 

1-96 

Four prisoners, Ooriyas . - 

5,700 


36-75 

108-2 

32-08 

1 

12-85 

12-95 

1-96 


5,280 

99 

37-32 

108-2 

1 

32-08 

12*85 

12-95 

1-96 

1 

- 4,440 

99 

37-23 

108-2 

32-08 

12-85 

12*95 

1-96 


Total intake — 

N. of rice . 

„ of dal 

„ of goat’s flesh . 
„ of vegetables . 


96‘24 grms. 
38-65 „ 

38-86 „ 

5-88 „ 


Total N. intake . =179-62 


Output — 

N. murine 
Constant -5 grm. 


=11T30 gnus. 
= 6-00 „ 


Total N. metabolism . . =n7'30 „ 

= 65-34 per cent, of N. .of diet, 

= 9-77 grms. of N. per day per man. 


Contrasted with the result given on Table III (ii), where the same five men. 

were on the Ml jail diet of 26 ozs. ofrice and 6 ozs. of arhar dal, we see that by the 

substitution for half the ordinary amount of arhar 'dal of its nitrogen equivalent in. 

the form of goat’s flesh we get : — 

( Per cent, of protein Orms, of nitrogen 

absorbed. per man daily. 


26 ozs. rice, 6 ozs. arhar dal 


26 


4| 0 ®. flesh. 


7-43 

9-77 

M 2 




49-78 

66-34 
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(ii) Substitution of nitrogen, derived from goat’s flesh and fish, in quantities 
considerably less than'sufiicieat to make up for the diminution in the nitrogen due to 
decreasing the rice of the ordinary diet by a half— the full amount of nitrogen from 
gram dal given, 7 ozs. 


Four Ooriya 'prisoners under observation for six consecutive days. 


Batch. 

Total 
qiiaBtity 
of urine 

Eeac- 

tiOB. 

N. iB. 

urine. 

Weight, 

]Sr. in 
rice. 

K in. 
dal. 

N. in 
fish. 

N. in 
goat’s 
Jiesb. 

N, in 
Vege- 
tables. 


C. C. 


Grms. 

Lbs. 

Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

r 

5,965 

Acid 

S8‘22 

108*2 

1604 

25*74 

6*52 

7*20 

1*96 


4,450 


37*31 

108*2 

16*04 

25*74 

6*52 

7-20 

1*96 


4,760 

?? 

47*98 

108*0 

16*04 

25*74 

6*52 

7-20 

1*96 

lotir prisoBeiB, * 










Ooriyas. 

5,540 


50*10 

107*8 

16*04 

25*74 

6*52 

7-20 

1*96 


4,930 

99 

39*73 

108*2 

16*04 

25*74 

6*52 

7-20 

1*96 

1 

. 4,820 

1 

45*92 

108*2 

16*04 

25*74 

6*52 

7-20 

1*96 


‘Total intake — 


N. of rice 

96-24 

grms 

,, 9 , dal . . 

164-44 

99 

„ „ fish . 

39-12 

99 

„ „ goat’s flesh . 

43-20 

99 

» 99 vegetables 

11-76 

99 

Total N. of intake = 

344-76 

99 


Output — 

N. of urine 
Constant ‘6 grm. 


259‘26 gnus. 
12-00 „ 


Total N. metabolism = 27T26 ,, 

= 78-68 per cent, total N. of diet’ 

= IT 30 gnus, of N. per day per man. 


Contrasted ■with the results 'given on Table III (iii), where the same five men 
were on the full Jail diet 26 ozs. of rice and 7 ozs. of gram dal, we see that by 
the substitution of considerably less than its nitrogen equivalent in the form of 
fish and goat’s flesh for half the rice of the ordinary diet we get 


Ordinary diet — 

26 ozs. rice, 7 ozs. gram dal 

13 ozs. rice, 7 ozs. gram dal 


Per cent, of protein 
absorbed. 


3 ozs. fish 

2| ozs. goat’s flesh 


} 


49-20 

78-68 


Grms. nitrogen 
per man da%. 

7-35 

11-30 


Contaasting (i) and (ii) of this table we see how very much greater the efiect 

■on protein absorption is when praotioaUy the same amount of m^iein 

replaces part of the rice of the diet than when it replaces the dal This affords 
sloU further evidence of the beueSoial effects of a reduction of the hnge ouantitT 
-of nee in the dietaries of Bengal Jails. * & h y 
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(i) and (ii) contrasted ; — 


]SF, of rice. 

N. of dai 

N. of animal 
protein. 

Per cent, of pro- 
tein absorbed. 

Grms. of nitrogen 
per man daily. 

Grms. 

Grms. 

Grms. 



82*08 

12*85 

12*95 

65*34 

9*77 

16*04 

25*74 

13*72 

78*68 

11*30 


(iii) The effects of substitution of practically the exact nitrogen equivalent of 
half the dal by wheat ata, and considerably less than the nitrogen equivalent of half 
the rice by protein derived from fish 

Diet a. — Eioe ... 13 om. Eish . « . . 6 ozs. 

Aihar dal . . . 3 „ Wheat ata . . . 6‘5 „ 

Vegetables . . . 6 ozs. 

[These observations show the gradual effect of the new diet, two days beiug required before nitrogenous 
metabolism became constant at the higher lev el obtained ,witb tbe more aashnilable protein of wheat 
ata and fish.] ^ 


Four prisoners — Ooriyas — observed for three days. 


^ Batch. 

Total 
quantity 
of urine. 

Reac- 

tion. 

Total 
N. of 
urine. 

Weight 

N. in 
rice. 

N. in 
arhar 
dal. 

in 

ata. 

K in 
fish. 

K in 
vege- 
tables. 


C. C. 


Grms. 

Lbs. 

Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

f 

5,080 1 

Acid. 

27*70 

• • 

16*04 

12*85 

12*36 

13*04 

1*96 


5,000 ^ 

» 

36*65 

98-2 

16*04 

12 85 

12*36 

13*04 

1*96 

Pour prisoners, 1 

5,000 

99 

45*85 

1 98-2 

16*04 

12*85 

12*36 

13*04 

1*96 

Ooriyas. j 

4,65d 

99 

46*59 

98-2 

16*04 

12*85 

12*36 

13*04 

1*96 

L 

4,620 

99 

44*99 

98-2 

16*04 

12*85 

12*36 

13*04 

1*96 


Total intake — Output — 

-XT • 


N. in rice 

. 48-12 grms. 

N. in uriue . . . 137-43 grms. 

» ,3 dal 

. 37-65 „ 

Oonstaut *5 grm. . . 6-00 „ 

99 99 ata • • 

. 37-08 „ 


„ ,3 fish . 

. 39-12 „ 

Total ]Sr. metabolism . = 143-43 „ 

99 99 vegetables. • 

. 6-88 „ 

= 86-60 per cent, of total JST. of diet, 
^ = 11-96 grms. per day per man. 

'Total H. of intake 

= 167-75 „ 


That is, with a diet of the above type we obtain an absorption of protein that 


compares very favourably with that got from European types of dietaries — ■ 
twelve out of the fourteen grms. of nitrogen offered per man daily being absorbed . 
So that the Bengali is quite able to assimilate and make use of protein when 
this is offered him in a form easy of absorption. 

(iv) Practically tha same diet as ia (iii) except that gram dal replaces arhar dal 
while the nitrogeu from fish is somewhat less, i.e.-— 

DIET B.— Rice .... 13 ozs. I Eish . . , . 6‘2 ozs. 

Gram dal , . . 3 „ j Wheat ata . . . 6-5 „ 

• Vegetables ... 6 ozs. 





86 


Batch. 

Total 
quantity 
of urine 

Re- 

action. 

Total 
N. of 
urino. 

Weight. 

N. in 
rice. 

N. in 
gram 
dal. 

N. in 
ata. 

N, in 
fish. 

N. in 
Vege- 1 
tables. 


C. C. 


Grms. 

Lbs. 

Grms. 

Grms. 

Grms, 

Grms. 

Grms. 

f 

5,570 

Acid 

39^04 

98-8 

16*04 

12-87 

12-36 

11-41 

1-96 

1 

1 

5,630 

,, 

39*51 

98-8 

16 C4 

2-87 

12-36 

11-41 

1-96 

1 

Four prisoners . •( 

4,220 


39-30 

98-6 

16-04 

12-87 

12-36 

11-41 

1-96 


1 

5,830 

j, 

38-74 ' 

98-7 : 

16-04 

12-87 

12-36 

11-41 

1-96 

L 

4,700 

5, 

40-36 

98-8 

16-04 

12-87 

12-36 

11-41 

1-96 


Total intake — 

N. in rice . . 80-02 grms 

„ „ axkai dal . 64-36 „ 

39 33 ata • 3 61 80 33 

„ „ -esh . . 67-06 „ 

33 „ vegetables . 9-80 

otal N. of intake ==273-20 ,, 

If -we assume in these results (iii) and (iv) that an identical amount of nitrogen 
is absorbed from 12'85 grms. af arhar dal and 12‘87 grms. of gram dal, then the 
difference in the daily quantity of nitrogenous ^metabolism| must be due to the 
difference in the nitrogen intake of fish. 

Difference in nitrogen intake of fish bet-ween (iii) and (iv) . =66-20 — 67-05 grms. 

8-16 „ 

Difference in amount of nitrogenous metabolism (iii) and (iv) =59-76 — 51-05 „ 

= 8-00 „ • 

which would meanthatS' 15 grammes of nitrogen as fish gives an increased nitro- 
genous metabolismi'of 8 grms. or that practically 100 per cent, is absorbed ; but 
we have shown that when the protein of arhar dal and gram dal is offered 
in equal quantities, the protein of gram dal is not quite so well absorbed as that 
of arhar dal — see synopsis of Table III — so that, making allowance for this slight 
difference, it would mean that 96'8 per cent, of the nitrogen offered in the extra fish 
was absorbed, a result very closely approaching those obtained by European and 
American workers. 

But, as we have already pointed out, it is only possible to show that over 96 
per cent, of the protein of fish is absorbed when the bulk of the jail diet is very 
greatly dimmished. When the diet is at all bulky the protein absorption from fish 
or animal diet appears much lower than 95 per cent. ; this is most probably not due 
to less being absorbed, but to the fact that the system being able to satisfy its re- 
quirements easily from fish or the animal diet given, less protein is absorbed from 
the bulky part of -the diet than would otherwise be the case. In all probability also 
the bulkiness of the diet interferes with the protoin absorption from anim^ food- 


Total output — 

N. of urine .... 196-96 grms. 

-5 grm. daily constant . . 10-00 „ 

Total nitrogenous metabolism . 206-95 „ 

= 75-71 per cent, of nitrogen of diet, 

= 10-36 grms. of nitrogen per man daily. 




87 


stuffs, just as we ffaye seea it does ia the case of vegetable materials. Whatever 
the true explaaatioa may be there is uo doubt that when the rice of the diet is ex- 
cessive in amount, the addition of an animal protein has not the same 
relative effect in increasing nitrogenous metabolism as when the quantity of 
rice is low. Now this cannot be due to the excessive carbohydrate element, when 
the quantity of rice is large, sparing protein, because we find exactly the same 
results when the carbohydrates are kept constant ; and we have good reason to 
suppose that when the carbohydrate element of a diet is such as supplied by 
the ordinary Bengal jail standard, a very large part of it is never made use 
of in the body, but is either broken down by fermentation or passed out 
unchanged. 

The influence of the bulkiness of a diet on the apparent amount of nitrogen 
absorbed from an animal protein is clearly brought out in the following investiga- 
tions : — 


(v) In Table V (iii) we saw that on a diet composed of— 

Rice . . . .20 ozs. 1 

Massur dal . . 3 „ 1 there was a nitrogenous naetabolism of 8*4:0 


I 

1 


Mottar dal . . 3 ,, 

Vegetables . . 6 „ j 

Now add 6 ozs. of fish to this diet and we get : 


grms. of nitrogen x)er man daily. 


Four frisoners observed for five consecutive days. 


Batch. 

• 

Quantity 
of urine. 

Re- 

action. 

N. of 
urine. 

N. of 
rice. 

K of 
massur 
dal. 

N. of 
fish. 

N. of 
Vege- 
tables. 

Weight. 


a C. 


Orms. 

Qrms. 

Grnas. 

Grms, 

Grms. 

Lbs. 

' 

5,555 

Acid 

40-48 

24-68 

28*12 

13-04 

1*88 

113*9 


4,470 

9, 

40-67 

24-68 

28-12 

13-04 

1-88 

114*2 

Four prisoners 

6,150 

9? 

46-58 

24-68 

28-12 

13-04 

1*88 

113*4 


5,110 

99 

41*49 

24-68 

28-12 

13-04 

1*88 ; 

113*6 


' 4,300 

99 

39*47 

24-68 

28*12 

13*04 ^ 

1*88 : 

113*9 


Total intake — 
bT. of rice 

massur dal 
fish 

vegetables 




123*40 grms. 
140*60 „ 
65*20 „ 


Total N. of intake _ = 338*60 

Difference in nitrogen intake 

due to added fish == 13*04 

t 


Total output — 

N. of urine .... 208*69 grms. 
'6 grm. constant . . . 10*00 „ 


Total N. metabolised . . . 218*69 „ 

5= 64*58 per cent, of diet, 

— 10*93 grms. N. per day per man. 
Difference in nitrogenous^ 

metabolism . . . s= 10*12 grms. 
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wMch would apparently mean tlat 13*04 gims. of nitrogen given in fisli increases 
the nitrogenous metabolism by 10*12 grms. 

This would be an absorption of 77*6 per cent, of the protein of fish ; but we 
have already seen from investigations (Hi) and (iv) of this Table, that 96*& per cent, 
of the nitrogen of fish is absorbed when the rice is reduced to 13 ozs. per [man 
daily; there must, therefore, be some influence at work to cause this great 
variation. It cannot be a difference in the carbohydrate element as this is identi- 
cal in the two diets contrasted in (v) ; so that by exclusion it can only be the 
difference in the bulkiness of the diet in (Hi) and (iv) — ^wheie rice is given in 
quantities of 13 ozs., compared with its bulk in (v) — ^where 20 ozs. of rice per man 
daily are given. i .. . 


(vi) Further evidence that the addition of an animal protein to a diet containing a 
large amount of rice has nothing like it proper influence in raising the level of nitro- 
genous metabolism, is afforded by the following investigations : — 


Eice . . 

Massur dal 
Fish . 
Vegetables. 


20 ozs. , 

(5 / same diet as in (v) with the addition of 

9 „ (3 ozs. more fish. 

6 ,, J 


Four prisoners observed for five consecutive days. 


Batch C. 

Quantity 
of urine. 

Re- 

action, 

N. of 
urine. 

of 

rice. 

N. of 
massur 
dal. 


N. of 
vege- 
tables. 

Weight. 

Foai prisoneis, Ooriyas . -|^ 

c. a 

4,230 

4,900 

5,400 

5,025 

4,380 

Acid 

Grms. 

44*14 

42*60 

43*84 

45*51 

47*41 

Grms, 

24*68 
i 24*68 
24*68 
24*68 
24*68 

Grms. 

28*12 
i 28*12 
28*12 
28*12 
28*12 

Grms. 

19*56 

19*56 

19*56 

19*56 

19*56 

Grms. 

1*88 

1*88 

1*88 

1*88 

1*88 

Lbs. 

‘ 114*8 
115*0 
115*0 
114*6 
114*8 


Total intake — 

U. of rice . . 123*40 grms, 

„ „ massur dal . 140’ 60 „ 

„ „ fish . . 97*80 „ 

„ „ vegetables . 9*40 „ 


Total N. of intake . 371-20 


Total output — 

N. of urine 
■6 grm. constant 


223-50 grms. 
10-00 „ 


Total N. metabolised . . . 233-60 „ 

=62-9 per cent, of E, of diet, 

= 11-7 grms. N. per day per man. 


That is, contrasting the resnlte in (Hi), (iv), (v) and (vi) of this table we get ; — 

CoHSTAOT, nitrogen undergoing 

metabolsm. Grms. < 

Kce . * 13 ozs.'' 'i f 

Arliardal . 3 .. / \ (a) Fish 3-26 gims. N=6 ozs. . 11“96 per man daily.. 

■WTieatata . ffS „ l''^')(6) „ 2-85 „ N=6-2ozs. . 10-35,, „ „ 

Vegetables . 3 « J v * 
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■which, means the absorption of 96‘8 per cent, of the nitrogen of fish. 

Mtrogen undergoiug 
metabolism. Grms, 

Eice . . 20 ozs. ''j C (a) Nil grms. N. . . . 8‘40 daily. 

Massur dal . 6 „ r" + -j Fish 4‘89 grms. K". =9 ozs. . 11‘70 „ 

Vegetables . 6 „ j Liy) >, 3‘26 „ N. =6 „ . 10'93 „ 

which means the absorption between (a) and (y) of 77'6 per cent, of the nitrogen 
of fish and between (a) and (/3) of 67*5 per cent, of the nitrogen of the fish. So 
that an increase in the quantity of fish in a diet would appear to cause a 
decreased percentage of its protein absorption. This relative decrease is, however, 
not due entirely to less of the nitrogen of fish being absorbed but, in all prob- 
ability, is brought about by the physiological requirements being satisfied by the 
animal protein plus a certain amount from the other constituents. Therefore, an 
increase in the animal protein will entaU less nitrogen being required from the other 
constituents, and thus an apparently low protein absorption from fish ■will occur. 

In whatever way this is brought about, the fact remains that unless the 
bulk of a diet is such that the stomach and intestinal tract can deal with it effectively, 
the maximum percentage of protein absorption cannot take place. This in itself is 
a strong argument for a decrease in the bulk of the diet and, d fortiori, of its rice 
content. 


(vii) The effect on nitrogenous metabolism of replacing one-third of the protein of 
rice by nitrogen in the form of wheat ata, and one-third of the protein of dal by nitrogen 
in the form of goat’s flesh, i.e.— 

• Eice . . . .18 ozs. Goat’s flesh . . . 3'2 ozs. 

Massur and m attar dais . 4 „ Vegetables . . . 6 ,, 

Wheat ata . . . 4‘5 „ 


live Bengali prisoners observed over ten days. 


Batch D. 

Quantity 
of urine. 

Re- 

action. 

N.of 

urine. 

i 

K of 
rice. 

K of 
dais. 

N.of 

wheat 

ata. 

jJiT. of 
goat’s 
flesh. 

Kof 

vege- 

tables. 

Weight. 



c . a 


Grms. 

Grms. 

Grms. 

Grms, 

Grms. 

Grms. 

Lbs* ‘ 


f" 

9*370 

Acid 

46*17 

28*40 

21*28 

13*59 

10*50 

2*36 

119-8 



9,930 

99 

46-15 

28*40 

21*28 

13*59 

10*60 

2*36 

119*7 



9,800 

99 

47-16 

28*40 

21^28 

13*59 

10*50 

2*36 

119*8 



10,830 


46*93 

28*40 

21*28 

13*59 

10*50 

2*36 

119*9 

Five prisoners, 


9,970 

99 

44*24 1 

28*40 

21*28 

13*69 

10*50 

2*36 

120*1 

Bengalis. H 


10,360 

99 

45*68 1 

28*40 

21*28 

13-59 

10*50 

2*36 

120-0 



8 , 39 i ) 

99 

49*62 

28*40 

21*28 

13-59 

10*60 

2*36 

119-9 



9,900 

99 

52*83 

2840 

21*28 

13-59 

10-59 

2-36 

111-9 



9,310 


49-18 

28-40 

21-28 

13*59 

10-59 

2-36 

119-8 



8,500 

99 

52-00 

28-40 

21-28 

13-59 

10-69 

2-36 

119-8 


N 




Total intake — 


N. of 


?5 55 

JJ 


rice 

dais 

wheat ata 
goat’s flesh 
vegetables 


Total N. of intake 
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284:'00 grms. 
212-80 „ 
133-90 „ 
105-00 „ 
23-60 „ 


. =761-30 


Output — 

N. of urine . . • 479-96 grms. 

•0 grm. constant . • 25"00 ,, 

Total nitrogenous iD6tabolism=504-96 „ 

=66-33 per cent, of N. of diet. 
=10-09 grms. N. per day. 


(viii) In connection -with (vii) we give the result from exactly the :same diet 
but with almost the same amount of nitrogen derived from fish replacing that from 
goat’s fiesh. 3-4 ozs. of fish replacing 3-2 ozs. of goat’s fiesh. 


Five Bengali frisoners over ten days' observation. 


T>.n,.„rn i Quantity 

Batch C. 

Ee- Total K 
action. ^ of urine. 

i 

N. of 
rice. 

N. of 
dais. 

N. of 
wheat 
ata. 

N.of 

fish. 

N. of 
vege- 
tables. 

Weight. 

\ 

1 

} 

Five prisoners, ^ 
Bengalis. i 

j C.C. 

8,880 

8,930 

9,940 

8,920 

9,440 

7.300 

6,290 

7,320 

8.200 

7,640 

1 Grms, 

1 

Acid 1 45*75 
„ 1 4S'18 

„ 48-34 

„ 46-64 

„ 46-62 

i » 4619 

„ 50 37 

„ 5328 

* „ 56*18 

n j 45*17 

Grms. 

28*40 

28*40 

28*40 

28-40 

28*40 

28*40 

28*40 

28*40 

28*40 

28*40 

Grms. 

21*28 

21*28 

21*28 

21*28 

21*28 

21*28 

21*28 

21*28 

21*28 

21*28 

Grms. 

13*59 

13*59 

13*59 i 

13*59 

13*59 

13*59 

13*59 

13*59 

13*59 

13*59 

Grms. 

lO’OO 

10*00 

10*00 

10*00 

10*00 

10*00 

10*00 

10*00 

1 10*00 
! 10*00 
! 

Grms. 

2*36 

2*36 

2*36 

2*36 

2*36 

2*36 

2*36 

2*36 

2*36 

2*36 

Lbs. 

124*8 

124*8 

125*2 

125*4 

125*3 

125*3 

125*0 

124*8 

124*9 

124*8 


Total intake — 

N. in rice 
„ dal 
„ wheat ata 
„ fish 


Total N. of intake 


. 284-00 grms. 
. 212-80 „ 

. 135-90 „ 

. 100-00 „ 

. 23-60 „ 


.=756-30 


Total output — 

N. of urine . . . 486-67 grms. 

■6 grm. constant . . 26-00 „ 

Total nitrogenous metabolism = 611- 67 „ 

= 67-65 per cent, of the nitrogen of the diet. 
= 10-23 grms. nitrogen per man daily. 


Contrasting (vii) and (viii) we see that there is a difference of 6 grms. of nitrogen in 
the intake in favour of the diet containing goat’s flesh, yet there is almost seven 
grammes of nitrogen better metabolism from the diet contaiaing fish, so that on 
the whole, fish is slightly more easily absorbed than goat’s flesh, but the 
difference is very small — only 0‘14 grm. per man daily. 

Taken in conjunction with Table YIII {v) it affords further evidence of the 
slight effect of the addition of an animal protein in raising the level of nitrogenous 
metaboBsm, when the diet is bulky and made up of vegetable matter. 



91 


Th.us in a diet almost exactly similar but containing no goat’s flesh or fish we 
find a nitrogenous metabolism of 9‘51 grms. daily ; whereas the addition of 2 
grammes of nitrogen from fish or 2*1 grms. of nitrogen from goat’s flesh only 
increases the nitrogenous metabolism by 0*71 and 0*58 grm. per man daily. 


(ix) We shall conclude this part of the enquiry with three sets of observations in. 
which the rice and dal were constant andlredueed— the rice to 18 ozs., the dal to 4 ozs. 
per man daily ; the nitrogenous equivalent for the reduction in rice was made up in 
different ways. Thus 


Constant. 
Burma rice . . . . 

Mattar and massur dais . 
Vegetables 


18 ozs. "1 


J I 


Wheat ata 4 ozs. . = Diet I. 

„ „ 2-4 ozs. + goat’s flesh 

2 ozs. =DietII. 
5 , „ 2*4 ozs. + fish 3 ozs. 

= Diet III. 


Diet 1. 


Five ‘prisoners observed for five days. 


Batch . 

Quantity 

of 

urine. 

Ee- 

action. 

Total N. ' 
of 

urine. 

JSLof 

rice. 

jsr. of 

dais. 

N.of 

wheat 

ata. 

N.of 

vege- 

tables. 

Weight. 




ac. 


Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

Lbs. 



r 

11,550 

Acid 

42-76 i 

28-40 

21-28 

12*08 

2*36 

117*5 




10,950 

,, 

44*37 ' 

28-40 

21-28 ' 

12*08 1 

j 

1 2*36 

1 

117*2 

Five prisoners, Bengalis 

• m 


10,090 

,, 

37*74 

28-40 

21*28 

12*08 i 

i 2*36 

117*3 




10,680 

,, 

40-47 i 

28-40 

21*28 

12*08 

2*36 

117*5 



L 

10,670 


38-28 ; 

28-40 

21-28 

12*08 

2*36 

117*6 


Total nitrogen of intake — 
N. of rice . 

„ dais . 

„ wheat ata . 

„ vegetables . 


142'00 grms. 
106-40 „ 
80-40 „ 
11-80 „ 


Total nitrogen, intake — . 320-60 


Total output — 

F. cf urine . . . 203-62 grms. 

-5 grm. daily constant . 12-60 „ 


Total nitrogenous metabolism 216-12 „ 
=67-41 per cent, of nitrogen of the diet. 
= 8-64 grms. nitrogen per man daily. 


i.e., when the nitrogen lost by reducing the rice is replaced by nitrogen 
in the form of wheat ata 67*41 per cent, of the nitrogen of the diet is absorbed, or 
8*64 grms. of nitrogen per man daily. 

N 2 
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Batch B. 


Two Hiadtis 
Three Mahomedaas 


Diet II. 

Five prisoners observe d for jive days. 

Quantity r.-. N. of N.of N. of N.of 

«< i. »!«.. 4.1s. •1.“‘- 

urine. 


1 c c Grms. Qrms. Grms. Gms. 

All^O Acid «-78 28-40 21-28 6 79 

11,830 „ 44-85 28-40 21-28 6-79 

. 9,630 „ 44-49 28-40 21-28 6-79 

12,560 „ 46-24 28-40 21-28 6-79 

10,620 - 44-52 1 28-40 21-28 6-79 


Weight.’ 


-j 9,63 


Total intake — 

N. of rice 
„ dais 
5 , wkeat ata 
L goat’s flesk 
vegetables 

Total N. of intake 


Output — 

142-00 grms. N. ofurme 

^ ^ i /\ • K /*> /\f \ Q 


. 106-40 „ 

. 33-95 „ 

. 33-80 „ 

. 11-80 „ 

.= 327-96 „ 


. 226-88 grms. 

. 12-60 „ 


-5 grm. constant . • 1.^ Of' » 

Total N. metabolism . • = 239J8 ,, 

_ 72-99 per cent, of N. of met, 

= 9-67 grms. N. per day per man. 


Ooutarted wia fc result »ho™ i. Diet I. m to 

from rice is made up by almost equal amouute of mtiogeu 
goafs iesb, iustead of, as iu Diet I. eutoely by 

there is a much better absorption from Diet II, showing that the p , ^ . 

ata and goat’s flesh even when oflcered in these smaU amounts are very d 

absorbable. 

Diet III. 


Batch C. 


I TwO' Hindus . / 

I Three Mahomedans 


Quantity 

of 

urine, 

TotalH. 

of 

urine. 

■ N.of 
rice. 

N.of 

dais. 

N.of 

wheat 

ata. 

N. of 
fish. 

N.of 

vege- 

tables* 

Weight. 

. C.C. 

f 8,000 

Grms. 

47*82 

Grms. 

28*40 

Grms. 

21-28 

Grms. 

6-79 

I ' i 

Grms. 

8-39 

Grms. 

2*36 

Lbs. 

,123-9 

9,370 

^ '50:24 ■ 

28*40 

,21*28 ' 

6-79 

8-39 

2*36 ^ 

123-8 

. 8,260 

43*48 

28*40 

21*28 

6-79 

8-39 

2*36: 

124 

9,160 

46*16 

28*40 

21*28:' 

6-79 

8-39 

2*36 

123-8 

L 8,4=70 

46^95 

28*40 

21*28 ^ 

6-79 

8-39 

2*36 

123-9 
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Total intake— 


Output — 


N. of rice . 

. 142' 00 grms. 

N. of urine 

. 234-65 grms 

„ dal . 

. 106-40 „ 

•5 grm. constant 

. 12-60 „ 

,, wheat ata . 

. 33-95 „ 



„ fish . 

. 41-96 „ 

Total N. metabolism . 

. 247-15 „ 

„ vegetables 

. 11-80 „ 

= 73*64 per cent, of N. of diet, 

= 9*88 grms. N. per day per man. 

Total N. of intake . 

. 336-10 „ 




Now we have already seen that the protein of goat’s flesh and that of fish are 
practically equally ahsorbahle ; therefore, by contrasting the results of Diet II and 
III we can find the percentage of protein absorption of fish and goat’s flesh in diets 
of this type. 

Thus the difference in nitrogen intake — all due to nitrogen of fish = 8' 15 grms. 

The difference in the amount of nitrogenous absorption between diets II and 111= 7‘77 grms. 

Therefore 8-15 grms. of nitrogen of goat’s flesh or fish show an absorption of 7-77 grms. 
■or 95’ 3 per cent. 

It will be noticed in these investigations that where a normal (European) 
absorption of the protein of the animal food is obtained, the bulk of the diet is very 
much reduced from the ordinary jail standard. 


Summary of Section 4. 

This concludes the investigations so far as this section, dealing with the effects 
*of varying the components by adding wheat ata or an animal protein, is concerned. 

It will be evident from the observations recorded in Tables VII and VIII that 
very good results as regards nitrogenous absorption and metabolism can be ob- 
tained by the addition of wheat ata or an animal protein — particularly when the rice 
or dal or both rice and dal are decreased to nearly the proper limits. 

In Tables VII and VIII we may exclude in the present summary all investi- 
gations where the full 26 ozs. of rice formed part of the diet or where the rice 
was reduced to one-half that quantity. The results obtained with these amounts, 
while very instructive in demonstrating the retarding influence of the full amount 
of rice on the protein absorption from a diet containing it, or in demonstrating the 
opposite in the case of diets in which the rice is reduced to 13 ozs., are outside the 
limits of the quantities of rice necessary in diet scales framed for a rice-eating 
people. The full amount of 26 ozs. we have ample evidence is far too much and is 
not only useless but actually harmful as regards protein absorption ; the smaller 
amount of 13 ozs. is perhaps too low for a people accustomed to consume fairly 
large quantities of rice. 
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We have already seen in Section HI e£ this 

die tls KnteTpo^iL “Se questo 

SXachangeinthe jail ^-aties-w^d th« act 

necessary to seek furtker for a better type of diet ? There do . 

any doubt but that this reduction would do all that is necessary, m., ° 

Wottin ahsorption, and reUeve the diet o£ sense of .ts unnecessary large 

carbohydrate element. 

It is generally admitted that the average amount of rice consumed by the 
werSp I 6oz».perheaddaily.andthat the dal taken wrth the raealsrs 
iSheL 6 ozs., so that the prisoner is better fed than the working population of 
We have, furthen direct evidence that the prisoner’s protein meta- 

foCt on a higher level than obtains in students, servant, etc Imng on 

dietaries of their own choosing* It woidd therefore, be no “p. but on the 
contrary a aetetic gain, for a member of the working POP”'" ^ 

jail act composed of 18 oss. of rice and 6 ozs. of dal. or even 6 ozs. of tol. We 
have no desire to enter into a discussion of the question whether jail 

be penal; we may say in passing that such a thing is almostan impostibility mth 
dLta foimdedon thefocd-stufislinuse in Bengal, for the scale of U™g is so low 
amongst the great mass of the people that, short of starvation, it would be almost 

impoible to frame dietaries for prisoners that would not be superior to those on 

which a large proportion of the classes from which criminals are drawn already 
exist. We are only concerned with the physiological side of the problem and with 
the nutritive value of the dietaries— to see that the prisoner’s food is given in. 

such quantities that a maximum good may result, and that he may be maintained 

in health. If we can so arrange tbe form and quantities of the food materials 
that these conditions are fulfilled we shall, at the same time, perform our duty to 
the State by ensuring the greatest economy in the dieting of the prisoner. 

Looking at the problem entirely from a physiological point of view-the fram- 
ing of a diet, limited to rice and dal, that will provide a sufaciency of the^ actual 
proximate principles, given in such quantities as will ensure their absorption to a 
maximum extent— we have no hesitation in stating that a diet composed of 

Rice 18 ozs .with the ordinary 

Dais 6 or 6 ozs ^ extras 

is much superior to the present scale, not only as regards its physiological aspects 
but also as regards the maintenance of the health of the prisoners. When nee and 
dal are combined in these amounts the intestinal tract is #le to ^bsoxb the 
nitrogenous elements to a maximum extent and, at the same time, it is relieved 
^ ^ ^ ^ g(jientafio MemoitSf Ho. 34. 
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from having to deal with the great mass presented by the ordinary Jail diet. The 
carbohydrate element offered even by this reduced scale is more than sufficient to 
meet the daily requirements, for fuel to maintain body heat and as a source for the 
energy of muscular contraction. 

Further, it is superior to the diet available to the great bulk of the population 
of lower Bengal, and fulfils the conditions laid down by Major Macnamara, I.M.S.,* 
“the public obligations towards a prisoner are fully discharged as regards food, 
when he is given a sufficiency to maintain him in health, though this amount does 
not necessarily satisfy his craving or capacity.” 

If, therefore, it is considered advisable to limit the jail dietaries to the food 
materials rice and dal, we strongly recommend a reduction to at most 20 ozs. of rice 
wdth 5 ozs. of dal or J8 ozs, of rice with 6 ozs. of dal. 

From the results of the investigations recorded in section (4) it would seem 
advisable to consider the question of the addition of wheat ata or an animal pro- 
tein to the lower Bengal scales. While it would not appear to be absolutely neces- 
sary to add either of these food materials, the fact that, by giving a vety small 
amount of one of these more easily assimilable forms of protein, we can place the 
nitrogenousmetabolismof the. prisoner on a higher scale, and, therefore, m all pro- 
bability increase his power of resistance to disease, must be looked on as so much 
gain — particularly so, as this can be done without increasing the cost. 

The following collation of the results of observations in which an animal 
protein or protein from wheat ata was substituted for part of the protein of the 
ordinary Bengal jail dietary, shows how the addition of an assimilable protein 
may best be carried out, and what its effects on protein metabolism are ; — 


Eesult extracted from Tables VII and VIII. 


COHSTASITS, 

Varying materials. 

Percent, of nitrogen 
absorbed from diet. 

Grms. of nitrogen per 
man daily. 

li 

"Rice 20 ozs. " 


Dish 6 ozs. 

64‘58 

10-93 

< 

,Dals 6 „ J 


jij 9 jj • . . 

62-90 

11*70 


< Rice 20 ozs. 

\ 

Wheat ata 6 ozs. . . : 

. 64-63 

10-07 

< 

Dais S „ . 

+ ) 

?» 9 . . 

57-09 

9-78 

1 

f Rice 18 ozs > 

\ 

» 9> 4 jjf 

68-01 

8-87 

3. 

« 

) i 

[Dais 6 5? J 

1 p 

Wheat ata 4J ozs. 

66-85 1 

10*20 


* Notes on Indian Jail Dietaries. Major Macnamara? LM.S*? 1906. 

f The dal given in this observation was 5 bzs. of gram dal, which is about equal to 4 ozs. of any 
other daL 
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Eesults extracted from Table VH and VIH oontd. 


ColifSTAljrTS. 


Varying materials. 


Per cent, of nitrogen 
absorbed from diet. 


Grms. of nitrogen per 
man daily. 


Rice ISozs/ 
Dais 4: „ 


f Wheat ata 4 ozs. . • 

„ „ 4 i„+ goats 

fiesh. 3*2 ozs. 

I , „ 4i ozs. + fob 

] S*4 ozs, 

jl , „ 2*4ozs.+goat’s 

1 desh 2 ozs. 

n ^ „ 2-4 ozs.-f fish 3 

1 ozs. 


Contrasted with average for ordinary diet. 


Rice 26 ozs. 
Dais 6 M 


It is e^id^t tlat Witt sny otttese types of diet we get a much better ahso^- 
tiou ta Witt the ordinary jail diet ; there must, therefore be a proportrouaUy 
reddue for the iutestiues to deal with, and so much less opportunity for 
totoa putrefaction and fermentation. We are not concerned with the question 
7vltainism nor Witt the degree of nitrogenous metobohsm supposed to be 
most beneficial to health ; what we are desirous of doing is to arrange the 

oonrtituents and the quantities of those constituents m such a manner that a 

maximum efieot will be obtained, thus entailing a minimum amount of waste an . 

an economical dieting of jails by the State. , 

Witt this obj ect in view and ever bearing in mind it s benetal effects, so f m as 
can be at present judged on the health of the prisoner, we would recommend that, 
in case it were deemed advisable to enlarge the list of the oonstitnents of lower 
Bengal iaU diets, a reduction in both rice and dal be made mtt an adtttion of wheat 
ataLiin certain prisons, where fish is easily and cheaply procnrable-an inter- 
changeable quantity of fish. The type of diet that would appear to give the best 
resnlts and leave the least residue would be on somewhat tte following hues . 


Eice, Burma or oouatry 

Different dais available . . . • • 

Wheat ata daily 

or 

Ksb, in place of wheat ata twice a week when procurable 

Vegetables 

Balt . . 

Condiments, etc 


18 ozs. 
4 „ 


as in present scale. 
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We have placed all the prisoners in Puri jail on diets somewhat similar to 
these for a period of about six months ; a report of the efiects of the change, with 
observations on the degree of nitrogenous metabolism, the health of the prisoners, 
the effect on body weight, etc., will be found in its proper place. We do not con- 
sider that an animal protein is at aU essential in the dietaries of a practically 
purely vegetarian people, and, therefore, would only recommend a change to 
fish from an economical standpoint ; mutton, goat’s flesh, etc., are not required. 

While we do not consider that an animal protein is necessary there is no doubt 
that the addition of even a small quantity appears to have a marked influ- 
ence in assisting the absorption of protein from a diet of the Lower Bengal type. 
We obtained evidence of this in some work carried out in Midnapore jail. 

The custom in that jail is to give what is termed “ fish relish a very small 
amount of fish mixed with the rice. It is much in favour with the prisoners and, 
as fish is cheap in Midnapore, the cost is purely nominal. The following are the 
results of the protein absorption when a small quantity of fish is added to the 
ordinary jail diet : — 

Twenty ffisoners observed over a period of seven days. 


Fsece? of prisoners pooled in batoh.es of five. 


Batch. 

Total nitro- 
gen of 
fasces. 

jsr.of 

rice. 

IST. of 
dais. 

N.of 

vege- 

tables. 

N. of 
fish. 

Weight, 


Grms. 

Grmfa. 

1 

' Grms. 

Grms. 

C^rms. 

Lbs. 

r- 

103-90 

150 50 

[ 114-80 

6-48 

7-68 

114-8 

% 

97-79 

155-78 

84-88 

6-48 

7-68 

114-7 


98-39 

155-56 

1 110-S2 1 

6-48 

7-68 

( 114*8 

Twenty prisoners, Benga.iis , 4 

118-66 

151-64 

120*52 

6-48 

7-68 ! 

1 

114-9 


84-43 

150-49 

121-09 

6-48 

00 

eo 

114-9 


110-41 

152-46 

1 

104-32 

6-48 

7-68 

114-8 


101-17 

157-80 

96-37 j 

6-48 

7-68 

114-8 


Total intake — Total output — 

N. of rice . . 1,074-23 grins. N. of faeces . . . 714-75 gnns. 

N. of dais . . 752-30 — 

N. of vegetables . 45-36 „ Total nitrogenous metabolism = 1,926-66 

N. offish . . 53-76 „ — 714-75 grms. = 1,210-90 „ 

— =62-88 p.c. of the nitrogen the diet 

Total nitrogen intake . 1,925-66 grms. = 8-65 grms. of nitrogen per man daily. 

To this should really be added, in order to make the results comparable with 
those in which the nitrogen of the urine was taken as the criterion, a certain amount 
of nitrogen to cover the quantity passing out in the intestinal secretions. This- 
amount has been variously estimated; but, accepting v. Noorden’s value of 


o 
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,0-. gr...ntoge.daily. webri^ tie mtrogenou. up to S'Sb gnus, 

per man daily. nitrogen 

When ™ it appealed poBsible that the adaiion 

found for the absorption on e u^)^^ ^ Mpence in assisting the 

of a small quantity of fisk h. Ac tfie onantitv of nitrogen per man 

absorption ofprotein irom the, ad diej^. ^ 

dady °t by more°than’thiB amount, it was at first thought pro- 

tern absorption from t y , . ^ protein absorption greater 

’':“'*’1dte — d fattle amount of nitrogen furnished hy the fish. 

TM^nol d n^^g that an ammal protein may by its prepuce exert a favom- 

But. wMe n y ^ vegetable protein, these results are open to a 

able jj consumed by the prisoners he exammed we find 

simpler explanation. It tne „ply_on an aTetag6-23 ozs. were 

thatinsti^o t e^e Jfieient dais were not eonsumed. So that, 

besides the »»bo decide! influenee in increasing the amount of protein ab- 
J,„„d (actors are taken into account and the absorption 

sorption. ;Wh“ ™® difieience is too smalHor ns to be able to say 

bom fish any marked influence in increasing the absorption of 

positively that the fish e I tv. aiet For we have shown that with a 

protein from tbe other com unen^e^^^^^^^^^ af nitrogen are ab- 

diet oomposed of 2 . ^ amount of dal to about 5 ozs.-as happened 

soihed ; ^ “ “J™'Jc^„cd by an increased absorption. When the ahsopi, 
ip these ohsemt J^^gen in the fish is added, and also the slight increase due 

tion bom 0 4 gtms. ol mtrogon ahsorntion would come, almost 

to the decrease in the amonn of dal. ^,^ch was found to be 

witbin tbe limits of experimental error, to the 8 85 grms., wn 

absorbed by tbe Midnapore prisoners. , r ^ i. 

-aosoToe O' +-UO.+ +K#. fl(fdition of this small amount of fish 

It would not appear, therefore, “ the rice and 

to the diet had much in n^e . quantities of 23 ozs. and 6 ozs., 

dal. at least, uot when rice and dal were pven in q economical 

respectivdy. would be much to the advantage of the 

pAott*‘°It1s not, h«ever absolutely necessary, in some of the 

W^fd^ X. « in Puri. Midna^re, Buxar and B^ga^ 

iails lrje fish is availahle in large quantities, either hy puictase or by using 
■’ ish labour. lu fact fish is available at cheap rates aU over Benga . 

This brings us to an end of onr inyestiptions on the ^ 

'.Bengal jails, and the ««eote of certain modifications of hese 
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suggested. Granting that we are correct in assuming that the prisoner, on the 
average, lives on 7‘55 grms. of nitrogen per day and that he remains healthy and 
even puts on flesh on this amount, there is no urgent necessity to increase his nitro- 
genous metabolism. But, when we find that the quantities of the component parts 
of the diets are so great that they are beyond the amounts from which the best 
absorption can take place, we have a very strong indication for the reduction of 
those quantities to something approaching proper limits. Those limits we have 
tried to lay down, and we believe that we have succeeded in defining them. 

We find 18 ozs. of rice per man daily to be the amount from which a maxi- 
mum absorption takes place ; we believe that it will be to the advantage of the 
prisoners to reduce the dal to 4 ozs. per man daily and substitute for the 2 ozs- 
dal cut ofi, 4 ozs. of wheat ata — in certain prisons giving, say twice a week, 4 ozs. 
of fish in place of the wheat ata. There is no doubt that in addition to being 
beyond the amount from which a maximum absorption is obtained, the 6 ozs. 
of dal of the ] ail diet have a decided tendency to cause diarrhoea and digestive 
disturbances ; we have therefore no hesitation in recommending the reduction of 
this quantity to 4 ozs. 


B.— BEHARI BIET. 


We now come to a consideration of diets in which the quantity of rice should 
not be the outstanding feature. The Beharis are much more a wheat-eating 
than a rice-eating people, and therefore a larger proportion of the protein of the 
dietaries of Behar jails is derived from wheat ata than from rice. The effect of 
* this is that the diet is very much superior to that of Lower Bengal jails in the 
quantities of the proximate principles offered, more particularly with regard to- 
the amount of protein and fat. 

The diet scales laid down for Behari jails are : — 


Burma or country rice 
Different dais available 
Wheat ata 
or 

Makkai ata . 
Vegetables 
Condiments, etc. 


16 ozs, 

6 „ 

10 „ i 


1 


. 12 „ 
. 6 „ 
as before 


per man daily. 


We shall take np the investigations on the nutritive value of these diet scales- 
under the same heads and in the same order as was done with regard bo Bengali 
diets. The experience gained in Bengal jails led us at once to ^the proper 
method of investigation so that, instead of wasting time in trying to find a con- 
stant co-eflB.cient of absorption for the protein of the different elements of the diets, 
we accepted the established fact of the previous results that the co-eflflcient oi 
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protein alosorption is not constant, but varies witb the quantities of the food mate- 
rials forming the dietunder investigation. We therefore arranged difierent series o 
observations in which, when all but one of the constituents of the diet were con- 
stant, the actual material under investigation was made to vary. By this means 
we were able to discover with what particular amount of rice, dal, or ata the pro- 
tein absorption was at a maximum, and were able to plot out the curves thus ob- 
tained so as to show at a glance the effects of the varying quantities of the different 
food materials. When we came to a study of the Behari diets we fully expected 
to find a very much larger percentage absorption of protein than in the Bengali ; 
such, however, was not the case ; the protein absorption from the full diet of 
Behar jails is only very slightly higher than for Bengal jails. The actual 
amount of nitrogen undergoing metabolism was, however, on a much higher 
level. Again the reason for this poor percentage of protein |absorption was not 
difficult to find : it was to be attributed to the same factors that were in force 
in the case of the full Bengal jail diets, viz., the vegetable food materials were 

in quantities greater than the digestive juices were able to deal with to the best 

advantage. Again we found that by reducing some of the elements |an increased 
relative and actual absorption took place ; it was, therefore, our aim to discover 
with what particular combinations of quantities] of these food-stuffs^the best 
absorption was possible. Having worked out'] this, we at once obtain that 
combination which leaves the smallest residue for intestinal putrefaction and 
fermentation, and from which waste is at a minimum. This would, therefore, 
also be the combination most economical to the State in the dieting of the 
orimiaals of Behar. ’ 

SECTION 1. 

1. The Value W the Behari Diet in Proximate Principles. 

As in the case of Bengal jails we give the average values : certain differences 
will arise according to the samples of wheat or dal in use. The values given below 
are based on the analyses of the food-stuffs that were in use in the Behar jails 
at the time the investigations were carried out : — 

TABLE IX. 


Wheat Diet. 


Pjr.oxima.tb 

EBIHaPLBS* 

Bice, 

Wheat 

ata. 

Makkai 

ata. 

Dais* 

Vege- ; 
tables. 

Mustard 

oil. 

Value of 
diet in 
grms. 

Protein ..... 

Grms. 

Grxns. 

34-71 

Grms. 

Grms. 

37*43 

Grms, 

3-68 

Grms. 

106*67 

Carboliydrate 


201*35 

* . 

93*58 

10-00 i 

« • 

643*32 

Pat 

4-30 

5*67 

• * 

4*25 

1-58 

1 

17*35 

33-15 
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IMakkai Diet. 


1 Pboximatb 

PBINGIPLES. 

Rice, 

Wheat 

ata 

! 

1 Makkai 
‘ ata. 

1 

Dais. 

Vege- 

tables. 

Mustard 

oil. 

Value of 
diet m 
gnus. 


Grms. 

Grms. 

1 

1 Grms. 

Grms. 

■ 

Grms, 

Grms. 


Protein .... 

30*85 


32 50 

37*43 

3-68 1 

1 

i 

104*64 

Carbohydrate 

338*39 

•• 

234 82 

93*58 

10-00 I 

1 

676*79 

j Pat . 

4*30 

•• 

17 00 

4*25 

1-58 1 

1 I 

17*35 1 

1 

44*48 


These figures "we may accept as a fair average of the Behari diet from day to 
day. Comparison with, the diet of Lower Bengal will show the higher value in both 
protein and fat with very little difference in the carbohydrate. We need not again 
refer to the seemingly very high value of these diets as compared with those in 
force in convict prisons in England ; all we have had to say in discussing the diet- 
aries of Lower Bengal applies with even greater force with regard to the diets of 
Behar. The difference between these two types of dietaries is due to the substi- 
tution of 10 ozs. of wheat ata or 12 ozs. of makkai ata (maize or Indian corn) for 
10 ozs. of rice. While the reduction in the quantity of rice means a great lessening 
in the absolute bulkiness of the diet, our investigations show that the decrease is 
not sufficient to permit of the best use being made of its protein element. Fur- 
ther, the excessive carbohydrate element is again very conspicuous — all the more 
so in this diet because of the greater quantity of fat furnished by the wheat 
tod maize. 

We may sum up our criticism of these dietaries by saying that, had we been 
able to obtain evidence of a protein absorption at all close to the percentage 
obtained with European dietaries, we should not have considered the amount 
of protein offered in the Lower Bengal or Behari diet scales to be much in excess 
of what might be considered necessary. In our opinion the great defects are 
the very low percentage of the protein element that is absorbed, and the large 
amount left over in the intestinal canal. These are defects common to all 
vegetable diets, but in none to the same extent as in the dietaries of Bengal jails ; 
in these they are increased to an enormous extent by the large amounts of bulky 
food-materials consumed, and besides the mere bulk, the intestinal tract has 
also to contend with pathological processes set up by the presence of excessive 
carbohydrate material undergoing fermentation. 

If, from the 100 grms. of protein offered in these diets we haci an absorp- 
tion of 85 per cent, then, even if the amount of nitrogen undergoing metabolism 
might be considered greater than absolutely necessary, stiU the prisoners would be 



10*2 


placed on a Wgi Ayriqurald powa^of resisting 

L belie.®, .onld tend *» « "^^Ll qnLity ol residual 
iofection and, at tlie same t m , absorption of little over 60 per cent, 

waste : but, instead of this, wi a p . metabolism, tbeir physique, 

the prisoners are placed on a low leveU 

nutrition and power of resisting in , . ■ .^goged by the presence of 

liability to auto-infection and auto-intoxication is ^ ^ ^ 

rspJdid culture .ediu» lor 

"■ -St rr.St " -T 
;r:«CS— -Vr“cTlX"rr; 

enten^ “““J^J^X^Macrmail and aU otbeis wbo ba.e made a study of tke 
be. Along mti Le-ms. Mac^m iood-stufls ; but, in contradis- 

subject, ™ obmra, we would do so not because tbe diet gives too bigb 
tinction to otbei ob.eiv ■ ^ „j nitrogenous 

:il::t"rrd"be digestive juices an opportunity of carrying on tbeir 

"”mnof^”tfa “of tbe investigations carried out in Buuar and 
Bhagalpur jails on tbe prisouers of Bebar. 


SECTION 2. 

3 The Amoimt of Uitiogen undergoing Metaholism on the Ordinary 

Jail Diet of Behai . 

We attempted to obtain tbe average amount of protein absorption W tbe 
full Bebari ^eLies in Buxar jail and Bbagalpur jail. In Buxm ]ail Burma ^ce is 
i ^^bere we experienced tbe same difficulty as encountered m tbe Breside^y 
Tffil (Tlcutta, where Burma rice was also in use : it was found absolutely impossib e 

to get tbe fuUratiou of Burma rice consumed for a sufficient nnmberof days o 
obtainrebable results. Infact, inalltbedifierentobseryationsmade we never once 

sot the full 16 ozs, of Burma rice eaten. On tbe other band, in B aga pi» F ^ ^ 

wbemco^^riceisinusewebadno difficulty inbavmgt^^ 

iogousto^bat we fouud true for Puri jari where also country nee was the 

YBiiicty 

We stall tteiefore, take up tie oiservatious on tte two kinds of xice sepamtely 
in Taile Xt 
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TABLE X. 

la) Investigations to determine the degree of nitrogenous metabolism on the 

ordinary scale of diet for Beharis. 


Biixar JaiL 


(i' With Burma rice— 

Burma rice 80 ozs. . 

0 

Wheat ata 60 ozs. 

. 1 batchoffiLve 
, f men. 

Different dais 30 ozs. 

Vegetables 30 ozs. . 

J 


Four hatches of five prisoners 
in each batch observed over 
five consecutive days. 

In no case did the prisoners con- 
sume the full amount of 
Burma rice. 


Batch I. 

! 

Quantity. 

1 of urine. 

Total N. 
of urine. 

Weight of 
prisoners. 

N. of 
Burma 
lice. 

Kof 

difierent 

dais. 

N. of ' 

ata 

wheat. 

N.of 

vege- 

tables. 


C.C. 

Grms. 

Lbs. 

Orms. 

Grms. 

Grms. 

Grms, 


^ 11,280 

38*29 

107*3 

21*63 

30*05 

27*75 

2*36 


9,600 

' 39*51 

1 

107*5 

1 25*33 i 

30*05 

27*75 1 

2*36 

Five prisoners, Behans . ^ 

11,500 

45*08 

108 

I 

1 19*58 

33*81 

24*25 

2*36 

1 


1 9,500 

42*02 

107*6 

22*88 

30*05 

27*75 

2*36 


[1 8,800 j 

39*30 

107*4 

19*82 

30*05 

i 27*75 ^ 

1 I 

2*36 


Remarks. 

Of the 80 ozs. of Burma rice m the diet duiing the five days on an average only 64*25 ozs. were eaten. 


Batch II, 

c. c. 

Grms, 

Lbs. 

Grms. 

Grms. 

Grms. 

Grms. 


r 

6,550 

37*18 

115*2 

23*46 

30*05 

27*75 

2*36 



6,790 

46*67 

115*4 

25*33 

30-05 

27-75 

2*36 

Five prisoners, Beharis - ^ 

: 

9,830 

44*86 

1 115*3 

23*22 

33*81 

27*75 

2*36 

I 

i 

8,600 

39*62 

j 115*2 ■ 

26*88 

30-05 

27*75 ■ 

2*36 

1 

L 

8,010 

40-59 

‘ 115*3 

19*48 

3 -05 

27*75 

2*36 


Remarks . 

Of the 80 ozfl. of Burma rice in the diet during the five days on an average only 67*28 oscs« were eaten* 
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Batch in. 

Quantity 
of urine. 

Total K 
of urine. 

Weight of 
prisoners. 

K of 
Burma 
rice. 

of dif- 
ferent 
dal. 

N. of 
ata 
wheat. 

jsr. Of 

vege- 

tables. 



C’. 0. 

Grms. 

Lbs. 

' Grms. 

Grms, 

Grms. 

Grms. 



7»320 

41*96 

116-2 

23*35 

30*05 

27*75 

2*36 



7,300 

37*09 

llo-6 

' 24*46 

30*05 

27*75 

2*36 

Five prisoners, Beharis. ^ 


8,360 

45*29 

116-4 

• 23*22 

33*81 

27*75 ^ 

2*36 



8,020 

37*38 

1 116-4 

1 

22*88 

30*05 

27*75 

2*36 


L 

7,840 

45*16 

116*2 

1 

23*80 

30*05 

27*75 

2*36 


Remarks. 

Of the 80 ozs. of Burma rice in the diet during the five days on an average only 68-6 ozs. were eaten. 



1 

i 

c. c. 

Grm*. 

Lbs. 

Grms. 

Grms. 

Grms. 

Grms. 

Batch IV. 

1 

7,660 

42-6S 

122 

17*95 

30*05 

27-75 

2*36 


i 

1 

7.780 

40-68 

121*8 

21-62 

30-05 

27-75 

2*36 

Five prisoners, Beharis . ^ 

! 

f 

8,210 

i 48*06 

122*2 

j 23-22 

33-81 I 

27-75 

2*36 


1 

7,640 

42*62 1 

122 

j 19-27 

30-05 

27-75 1 

2*36 


i 

Nk 

1 

7,030 

i 

45*37 

122 

00 

30-05 

' 27-75 

1 1 

2*36 


Remarks. 


Of the 80 ozs. of Burma rice offered in the diet on an average only 57 ozs. ere eaten. 


Tlie different dais in use were gram dal, arliar dal and massur dal. 
Points brouglit out in these investigations : — 


(1) Batch I— 


Total intake of nitrogen — 
N. of rice 
N. of dais . 


. 109-24 grras. 
. 164-01 „ 


Total output of nitrogen — 
N. of urine . . 

•6 grm. per day constant 


204*20 grms. 
12-60 „ 


N. of wheat ata 
N. of vegetables 


136-25 „ Total N. metabolism 216-70 ,, 

11-80 „ = 8-66 grms. of N. per man daily. 


= 62-81 per cent, of N. of diet. 


Totol N. intake. 


. 410-30 
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Batch. II — 

Total intake of nitrogen — 

N. of rice . . 118-37 grms. 

N. of dais . . 154-01 „ 

N. of wheat ata .138-75 „ 

N. of vegetables . 11-80 „ 


Total N. intake 


422-93 


BatciL Ill- 

Total intake of nitrogen — 

ST. of rice . . 117-71 grms. 

N. of dais . . 154-01 „ 

N. of wheat ata , 138-75 „ 

N. of vegetables , 11-80 „ 


Total IT. intake 


422-27 


Total output of nitrogen — 

N. of urine . . . 208-92 grma. 

•5 grm. per day 

constant . . 12-60 „ 


Total N. metabolism . 22T42 
== 8-85 grms. of N". per man daily, 
= 52-35 per cent, of N. of diet. 


Total output of nitrogen — 

K of urine . 206-88 grn^. 

*5 grm. per day 

constant . 12-50 „ 

Total N. metabolism =219-38 „ 

= 8-77 grms. of N. per man daily, 
= 51-95 per cent, of N. of diet. 


Batcli IV — 


Total intake of nitrogen — 

N. of rice , . 100-28 grms. 

N. of dais . . 154-01 „ 

N. of wheat ata . 138-75 „ 

N of vegetables 11-80 ,, 


Total output of nitrogen — 

K of urine . . 219-25 grms. 

'5 grm. per day 

constant , . 12-50 „ 


Total N. of intake . 404-84 


Total N. metabolism = 231-76 
= 9' 26 grms. of N. per man daily, 
= 57-24 per cent, of N. of diet. 


(2) The batches I, II and III haye an almost identical intake of nitrogen 
deriyed from the same sources and, as will be seen from the figures gi-ying the 
amounts of nitrogenous metabolism per man daily, the total nitrogen output 
is almost identical also. We may, therefore, accept theayerage of the amount 
of nitrogenous metabolism of these three batches as being the ■ average amount 
of nitrogen made use of from the ordinary diet of the Behari prisoners. This is as 
follows : — 


Batch I. N. of intake 

. 410-30 grms. 

N. metabolism 216*70 

„ II. N. of 

. 422-93 „ 

N. 

„ 22T42 

„ III. N. of 

. 422-27 „ 

K 

„ 219-38 

Total N. 

. 1255-60 

N. 

„ 667-50 


=52-36 per cenb of N. of diet, 

= 8*76 grms. tl. per man daily. 

r 
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Tkerefore we may conclude tkat the amount of nitrogenous metabolism from 
a diet composed of — 

BHrm^arice , • . • ,13*34 ozs. 

Wheat ata 10 00 „ ^ for each prisoner per day 

Dais. 6-00,, ^ . 

Vegetables . . . . . 6‘00 „ 

and equivalent to an intake of 16’7a grms. of nitrogen~daily is, under ordinary- 
circumstances, o2‘36 per cent, of the nitrogen of the diet or 8'76 grms. of nitrogen 
per man daily. 

(3) Batch IV had to be excluded from this average, for the amount of Burma 
rice consumed ^by the batch was muck below the average consumption 
cf rice by the other three batches and, as -will be evident from these investiga- 
tions, a decrease in the amount of rice from the ordinary jail quantity always 
leads to a greater absolute and relative absorption of the nitrogen of the food. 

In Batch IV — 

Nitrogen of intake is 404*84 grms., of which 100*28 grms. is from rice. The 
amount of nitrogenous metabolism = 231*75 grms. 

= 57*24 per cent, of the nitrogen of the diet, 
or 9*26 grms. of nitrogen per man daily. 

By contrasting the nitrogenous metabolism (average) of batches I, II and III 
-with batch IV, it is evident that a reduction in the quantity of rice from 13*34 ozs. 
to 11*40 ozs. per man daily is at once accompanied by an increase in the relative 
and actual amount of nitrogen absorbed, i.e., from 52*36 per cent, to 67*24 per 
cent. , and from 8*76 grms. to 9*26 grms. of nitrogen per man daily. 

On the whole the average nitrogenous metabolism in Buxar jail was on a low 
level, due probably to many causes. At the time these observations were carried 
out the health of Buxar jail was bad, owing to an epidemic of dysentery and much 
diarrhceal idi-other factor was probably the poor condition of the dais used in 
these obsexiations. The change for the better that took place in later experi- 
ments when mung dal was given in place of the other dais was very marked. 

, (4) This investigation on picked healthy men on haid labour further shows 
that the prisoners are quite unable to consume the fuB quantity of Burma rice 
sanctioned for their diet. 

Each prisoner is allowed 16 ozs. of rice daily along with the~othei constituents 
" of the diet scale. ' ' V, V'’" 
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The average consumptioii of rice of these 20 men observed for seven consecU' 
five days works out as 12’86 ozs. instead of the 16 ozs. provided in their daily* 
diet. 


Even this was probably a higher consumption than normal,for we were anxioua 
at this stage to get the prisoners to eat all the food provided, in order to obtain the- 
average amount of protein absorbed from the full diet, so that the men were pressed 
to eat more than they really felt they needed. Further evidence that 16 ozs. per 
man daily of Burma rice is too great a quantity is afforded by the amounts found 
to be consumed by different batches during the two months that the investigations 
were going on in Buxar jail. Thus — 


(a) A batch of 5 healthy Behari prisoners observed for seven consecutive- 
days was given a diet composed of — 


Burma rice 
Wheat ata 
Mung dal 
Vegetables 


• 80 ozs. or 16 ozs. per man daily 

i 60 „ ,, 10 ,, ,, „ ff 

. 30 ,, ,, 6 ,, ,, ,, fg 

m 30 „ „ 6 „ „ ,, „ 


on an average only 62'73 ozs. or 12'54 ozs. per man daily were eaten. 

(6) Another batch of 6 healthy Behari prisoners observed for seven con- 
secutive days was given a diet composed of—. 


Burma rice 
Makkai ata 
Mung dal 
Vegetables 


80 ozs. or 16 ozs. per man daily 
50 ,, ,, 10 ,, ,, ,, „ 

30 ,, ,, 6 ,, ,, j, 

30 ,, „ 6 ,, „ ,, ,, 


on an average* only 60'74 ozs. or 12‘16 ozs. per man daily were eaten. 

(c) Another batch of 5 healthy Behari prisoners observed for seven 
consecutive days was given a diet composed.of— , 


Burma rice . . 70 ozs. or 14 ozs. per man daily 

Maklcai ata . . 60 „ ,, 10 ,, „ „ j, 

Mungdal . . 30 „ „ 6 „ „ „ ,, 

Vegetables . . 30 „ „ 6 „ „ „ „ 

on an average only 56*36 ozs. or 9*47 ozs. per man daily were eaten. 

In (6) and (c) the ordinary quantity of 12 ozs. of makkai ata per man daily 
had been reduced to 10 ozs., yet the prisoners could not consume more than an. 
average of 12*35 ozs. of Burma rice each per day. 

We may therefore conclude that about 12 ozs. of Burma rice is the maximum, 
quantity that a Behari prisoner will consume when he is on the full Behari diet, 
or even when the amount of makkai ata is decreased from 12 ozs. to 10 ozs. per 
mandaily. 
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Bliagalpux Jail. 

Behans. 


(ii) Country rice.— Investigations to determine tie average amount of nitrogenous 
metabolism by Beiari prisoners on the ordinary scale of diet sanctioned for Beharis. 


Coxmfcryrice . 
Wheat ata 
Aihar dal 
Vegetables 


160 ozs. 

100 „ / One batch of 10 prisoners observed 

60 „ r for five consecutive days. 

60 „ J 


The Ml amount of country rice — 16 ozs. per man daily — was consumed. 


Batch A. 

Quantity 
of urine. 

Total H. 
of urine. 

Weight 
of pri- 
soners. 

of 

country 

rice. 

jsr.of 

wheat 

ata. 

No. of 
arhar dal. 

N. of 
vege- 
tables. 



C.C. 

Grms. 

Lbs. 

Grms. 

... 

Grms. 

Grms. 

Grms. 


r 

16,310 

92*16 

125*6 

■49*95 

56-16 

59*64 

4-72 



15,710 

1 93-91 

1 125-5 

49*95 

56*16 

59*64 ^ 

4*72 

Ten prisoners, Beliaris ^ 



1 

i 

i 



i 


J j 


15,630 

88*84 

1 125*9 

49*95 

56*16 

59*64 

4*72 

\ 


15,980 

91*50 

! 125*7 

49*95 

56*16 

59*64 

4*72 



17,110 

94*13 ^ 

j 125*7 

j 

49*95 ^ 

56*26 

59*64 

4*72 


Total intake of nitrogen 
iT. of ooxmtry rice . 

N. of wheat ata 
N. ofarhardal 
N. of vegetables 

Total N. of intake 

We may therefore conclude that the amount of nitrogenous metabolism from a diet 
composed of — 

Country rice . . .16 ozs. 

Wheat ata . . . . 10 „ 

Aihardal , . . . 6 „ 

Vegetables . . . . 6 „ 

and equivalent to an intake of 17*07 grms. nitrogen daily is 56*96 per cent, or 9*71 
grms. of nitrogen per day per man. 

Contrast this result with the average nitrogenous metabolism of prisoners in 
Buxaijail on Burma rice, in whose case only 62*36 per cent, of the nitrogen of 


for each prisoner per day, 


249' 75 grms, 
280-80 „ 
298-20 „ 
23-60 .. 


852-35 


Output of nitrogen — 
N. in urine . 

*5 grm. N. constant 


460-64 grms. 
26-00 „ 


Total ISf. metabolism . . 485-64 „ 

= 9-71 grm. N. per man daily, 

= 69-96 per cent, of N. of diet is absorbed. 
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diet was absorbed or only 8*76 grms. nitrogen per man daily. THs would 
appear to support tbe view tbat prisoners who are given a free choice as regards 
the quantity of rice they may eat — 

(1) are able to consume much larger quantities of country rice than of 

Burma rice, and 

(2) that the protein of country rice is more easily absorbed than that of 

Burma rice, when given in quantities of from 12 to 16 ozs. per man 
daily to those who are accustomed to it and not to Burma rice. 

We think that there is no doubt that both these conclusions are probably 
correct. Among Bengalis on their 26 ozs. of dry rice per day the only place 
where the full diet was eaten was at Puri, and the rice in use was grown locally 
— this contrasts very markedly with what was found in the Presidency Jail, 
Calcutta, where we gave up all hope of obtaining a constant consumption, even 
for one week, of the full diet, the rice in use there being Burma rice. 

Besides the actual experimental evidence that the protein of country rice is 
more easily made use of and assimilated by prisoners in Bengal jails, there would 
appear to be an interesting explanation, in the light of Pawlow’s work on the diges- 
tive glands, that such a result is only to be expected. The prisoners do not care 
for Burma rice nearly so much as for the local product and freely state that it is 
heating, filling and hard to digest, causing heart-burn and a feehng of heaviness 
in the stomach. It is a type of rice dijfierent from what they have been accustomed 
to live on, and there is no doubt that mental processes have a decided influence 
over absorption from a more or less strange form of diet. 

■ THs influence of the mind on the secretion of the digestive juices has been 
admirably worked out by Pawlow, and it very probably explains to some extent the 
relative absorbabilities of the protein of Burma and country rice. 

For the sake of clearness we might contrast the results obtained in Buxar 
with Burma rice and in Bhagalpur with country rice, and see what other factors 
should be taken into account. 


In Buxar jail, we had — 

15 Behari prisoners, observed for one week, on a diet for each man composed 
of — 


Bnma rice 
Wheat ata 
DiSeient dais . 
Vegetables 


13-34 ozs. 

= in isf. 

4-60 grms. 

10-00 „ 

• 5, 

6*55 „ 

6-00 „ 

== 

6-16 

6-00 „ 

sr: 

00 


Total N. 16-79 

Nitrogenous metabolism 8*76 grms. of N. per man daily. 
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cue week, on a diet lor each, man composed 


In Bhagalpur jail we kad — 

10 Bekaxi prisoners, oksexYed for 
of— 

Country rice 
Wheat ata 
Axhar dal 
Vegetables 


16-00 ozs. 

= iuN. 

4-99 

grnis 

o 

p 

o 
— ( 

== 55 

5*61 

99 

6-00 „ 


5*96 

99 

C-00 „ 


-48 

99 


Total N. 17-04 „ 


Nitrogenous metakoksm 9 ‘71 grms. N. per man daily. 

Tke total difference in intake of nitrogen per day is 0*29 grm. in favour of tke 
Bkagalpur prisoners, but tke diflerence in tke amount of nitrogenous metabolism 
is no less tkan 0'95 grm. per day, an amount greater tkan could be accounted for by 
tke difierence of intake. This is very evident if instead of taking 1 man for 1 day 
we look at tke figures of 6 men fox 5 days — 

Difference in N. of intake = 7-67 grms. in favour of Bhagalpur. 

„ „ metabolism =23-64 „ „ „ „ „ 

Tkerefore, witk a difierence in tke nitrogen intake of 7 '67 grms. we get a differ- 
ence in tke amount of nitrogenous metabolism of 23*64 grms. This can only be ex- 
plained by a difference in tke relative absorbability of tke protein in tke two ty p es of 
diet, and — eliminating tke protein of wheat ata and vegetables as they were practi- 
cally identical — ^tke cause must lie in tke protein of Burma rice and mixed dal as 
compared -with that of country rice and arkar dal. 

It will be evident from a comparison of all tke results obtained at these two 
jails, that tke protein metabolism of prisoners in Buxar Jail was always on a lower 
level tkan in Bhagalpur. The percentages of protein absorbed from tke different 
diets in Buxar jail were also lower tkan those obtained in Bhagalpur. 

Tke reason of this lower relative and absolute protein absorption by tke 
prisoners of Buxar jail is difficult to explain. In all probabikty several factors 
combined to give tke low results — 

(а) The dais in use (as already pointed out) were of inferior quality, whereas 

in Bkagalpur jail arkar dal alone was given and this is tke form of 
dal most in favour witk tke Bekari ; so that here again mental 
processes may have been in action. 

(б) Burma rice, as we have seen, was not at aU liked by tke prisoners, and 

they had not been long enough on this class of rice to have got 
accustomed to it ; in tke Presidency Jail, Calcutta, Burma rice has- 
been in use for over three years, so that tke longterm prisoners had 
grown accustomed to its use. 
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(c) A third and more indefinite factor was the unhealthy condition of 
Bnxar jail at the time when we began our obsexTations. The general 
health and tone of the jail improved very much later and, as will be 
seen in the subsequent results, a much better protein absorption was 
obtained from diets very similar in composition, the only difference 
being the substitution in them of mung dal for the different dais in 
use in the first series of observations. 

(f>) The amount of nitrogen undergoing metabolism by prisoners derived from 
the hill tribes of Darjeeling on diets of the Behari type, 

As we shall have to deal with hill men separately there is" nothing to he gained 
by taking up this part of the subject now. Suffice it to 'say that on the whole 
they absorbed slightly more than Beharis from the same diet. 

The diet given in the Darjeeling jail is not by any means composed of the kinds 
•of food materials that hill men are accustomed to. It is of a very inferior type and 
this jail served as the only example — ^with perhaps the exception in the case 
of certain tribes, of Kanchi jail— of a diet being penal, i.e., of the prisoners losing 
from a dietetic standpoint by entering jail. 


SECTION 3- 

% The effect on nitrogenous metabolism of varying the quantities of 
the components of the ordinary jails dietaries of Behar jails. 

■■ The work in connection with this section is very extensive, and was carried 
•out very thoroughly in both Buxar and Bhagalpur Central jails. As the conditions 
in these two jails were somewhat different we shall have to take up the, investi- 
gation separately for each jail. 

In Buxar jail Burma rice was given whereas country rice was used in Bha- 
galpur j ail. We shall deal first with Buxar j ail and its Burma rice, and afterwards 
with Bhagalpur jail and coxmtry rice. Buither, in Buxar jail we kept to mung 
dal throughout the whole investigation and in Bhagalpur jail used arhar dal only. 

The method of enquiry was to arrange a series of diets in which one con- 
stituent varied while all others remained constant— the conditions being kept, 
as far as possible, the same throughout. By this means we were able to obtain a 
series of results demonstrating the effects of varying quantities of each particular 
component whilst all the others were constant ; and thus to discover the parti- 
cular quantity of each component from which a maximum absorption took place 
when it was combined with non- varying quantities of the other constituents of 
the dietaries. 
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(a) Bttxar Jail. 

(i) Investigations to obtain the different degrees of nitrogenous metabolism 
on diets composed of Burma rice, wheat ata, mung dal and vegetables—all constituents 
of the diets, except rice, remaining constant. 


TABLE XI. 



Scheme 

0 E 

Diets. 




Constants. 




f Burma rice 

70 

OZS. 

Diet I. 

Wheat ata 

, 50 ozs. j 

j 


1 

55 

63 

55 

Diet II. 

Mung dal 

. 30 „ j 


+ -1 
1 

j 

1 55 

55 

60 

55 

Diet III 

Vegetables 

. 30 „ i 


55 

50 

55 

Diet IV. 


j 


( 

S. 95 

55 

40 

55 

Diet V. 


Diet 1. 


Five Behari 'prisoners observed for five consecutive days on each diet. 


Batch X. 

Quantity 
of urine. 

Total N. 
of urine. 

Weight. 

X of 
Burma 
rice. 

N. of 
mung dal. 

N. of 
wheat 
ata. 

X of 
vege- 
tables. 


C. C. 

Grms. 

Lbs. 

Grms. 

Grms. 

Grms. 

Grms. 


12,390 

50*99 

108 

23*80 

34*59 

27-75 

2-36 


8,200 

41*08 

107-9 

23-80 

34-59 

27*75 

2*36 

Five prisoners, Bebaris ^ 

9,640 

48*18 

107*8 

23-80 

34*59 

27*75 

2*36 


10,000 

44*66 

107*8 

23*80 

34*59 

27*75 

2*36 

V 

8,000 

42*44 

107*9 

23*80 

34*59 

27*75 

2*36 

(Ibis was tbe only occasion in wHcb even 70 ozs. of Boi’naa rice were eaten. 

Bietll. 


/ BatoeX ' 

• 7,850 

47*20 

106*8 

20-69 

34-67 

27*75 

2*36 


7,640 

47*11 

106*8 

18*46 

35*69 

27*75 

2*36 

fit© prisoners, Bebaris- 

io,6io 

47*37,:' 

106-7 

21*18 

34-69 

27-75 

2*36 


8,540 

47*82 

106-7 

22*18 

34*59 

27*75 : 

2*36 


- 8,880 

46-63 

106*8 

24-14 

34-69 

27-75 

2*36 


80 02 ;&. of Biima rice wetc oto’ed in tiiiB diet but on an average only 63 ozs. virere eat en» 
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Diet III. 



Intake — 

N. of Burma rice . 
N. of mung dal 
N- of wheat ata . 
N. of vegetables * 

Total N. of intake . 


Diet t. 


119'00 gmxs. 
172-95 „ 
138-76 „ 


442-50 „ 


Output — 

N. of urine . . . 

•5 grm. N. constant 


227-35 grms. 
12-60 „ 


Total Jf. metabolism . . 239-85 

= 53-97 per cent, of If. of diet, 

9-59 grms. of N. per day per 3CDan. 


Q 
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Diet II. 


Intake— 

N. of Burma rice 
liT. of mung dal 
N. of wheat Ata 
N. of vegetables 

Total N. of intake . 


Intake — 

K of Burma rice 
N. of mung dal 
N. of wheat ata 
N. of vegetables 

Total N. of intake . 


Intake — 

N. ot Burma rice 
N. of mung dal 
N. of wheat ata 
N. of vegetables 

'Total N. of intake . 


Intake — 

N. of Burma rice 
N. of mung dal 
N. of wheat ata 
N. of vegetables 

'Total N. of intake . 


106' 53 grms. 
172-95 „ 
138-75 „ 
11-80 „ 


430-03 


Output — 

N. of urine 
-6grm. N. constant . 


233-13 grms. 
12-50 „ 


Total N. metabolism . . 245-63 „ 

= 57-12 per cent, of N. of diet, 

= 9-82 grms. N. per day per man. 


Diet III. 


Output 


102- 00 grms. 

^1: 

N. of urine 

238-65 grms. 

172-95 „ 

•5 grm. N. constant . 

12-50 „ 

138-75 „ 



11-80 „ 

Total N. metabolism 

. 251-15 „ 


= 59-02 per cent, of N. of diet. 

425-50 „ 

= 10-05 grms. N. per day per man. 


Diet IV. 



Output — 


85-00 grms. 

N. of urine 

. 222-75 grms. 

172-95 „ 

'Sgrm. K constant . 

12-60 „ 

138-75 „ 



11-80 „ 

Total IT. m etabolism 

235-25 „ 


= 57-58 per cent, of N. of diet, 

408-50 „ 

= 9-41 grms. K per day per man. 


DietV. 



Output — 


68-00 grms. 

N. of urine 

. 221-23 grms. 

172-95 „ 

■•5 grm. N. constant . 

12-50 „ 

138-75 „ 



11-80 „ 

Total hi. metabolism 

. 233-73 „ 


= 69‘67 per cent, of N. of diet, 

391-50 „ = 9-35 grms. of N. per day per man* 


From the results obtained we get the folio-wing :■ 

BbB MAlSf, 


Constants of diets. 

Varying amotmts Diet of 

of rice. scheme. 

Degree of N. 
metabolism 

Wheat ata 10 ozs. .. | 

^ Burma rice 14 ozs. Dietl 
i „ „ 12-6 „ Diet II 

per man daily. 

9‘67 gims. 

9-82 „ 

Mung dal 6 „ r -f. 

„ 12 „ Diet III 

10-06' „ 

Vegetables 6 „ 1 i 

1 „ „ 10 „ Diet rV 

9-41 „ 

J \ 

^ „ 8 .. DietV 

9-36 „ 


The interpretation of these results is easy; their meaning is that with a diet 
of the Behari type, consisting of 10 ozs. wheat ata, 6 ozs. mung dal and 6 ozs. yege- 
tables, by gradually increasing the amount of the yarying constituent — ^rice — 
from 8 ozs, upwards, we arriye at a certain quantity from which the protein ab- 
■sorption from the diet containing it is at a maximum. This amount is the 
optimum for that particular combination of the quantities of the seyeral food 
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materials entering into tte diet, and with, the constants made use of in this series 
we find that the optimum amount of Buima rice is 12 ozs. per man daily. We 
Saw in section (2) that 12 ozs. daily was about the maximum amoimt of Burma 
rice that a prisoner was able to consume ; so that, when giyen a free choice, 
the prisoner eats that quantity of Burma rice from which he is able to derive 
the maximum advantage. 

By plotting out these figures we obtain a graphic record of the varying de- 
grees of nitrogenous metabolism on diets containing difierent quantities of 
Burma rice when the other components are constant. This is shown on 
Chart III. 


(ii) Investigations to determine the different degrees of nitrogenous metabolism 
on diets composed of Burma rice, wheat ata, mnng dal and vegetables. All constituents^ 
except the wheat ata of the diets, remaining constant. 


Constants. 

Burma rice 
Mung dal 
Vegetables 


TABLE Xir. 
Scheme oe Diet s. 



Wheat ata 60 ozs. Diet I. 

,, jj 50 ,, Diet II. 

„ „ 40 „ Dietm. 

„ „ 30 „ DietlV. 


Diet 1. 

Five Behari prisonevs observed for five consecutive days. 


Batch R. 

Quantity 
of urine. 

Total N. 
of urine,. 

Weight. 

N. of 
Burma 
lice. 

K.of 

wheat 

ata. 

N. of 
mung 
dal. 

isr.of 

vege- 

tables. 


C.C. 

Grms. 

Lbs, 

Grms. 

Grms. 

Grms. 

Grms. 

f 

7,600 

46-48 

119-8 

20*40 

33-30 

34-59 

2-36 


9,230 

47-16 

119-7 

20-40 

33*30 

34-59 

2-36 

Fiye prisoners, Belmris^ 

10,230 

49'98 

119*8 

20-40 

33-30 

34-59 

2-36 


10,800 

46-45 

119-8 

20-40 

33-30 

34-59 

2-36 


8,000 

: 43‘23 

119*8 

20-40 

33-30 

; 34-59 i 

2-36 






Different mm — mmeDietL 

Batch X ' 



, j 






" 10,050 

43-28 

108*6 

20-40 

33*30 

34-S9 

2-36 

' # 

10,220 

46-35 

“108-4 

20-40 

j 

33-30 

34-59 

, 2-36 

five prisoners, Beliaris^ | 

9,800 ; 

43-53 

108-6 

20-40 

33-30 

34-59 

2-36 


9,920 

48-69 

108-4 

20-40 

33-30 

34-59 ; ■ 

2-36 


. 8,540 

. 45-44 ■ ' 

108-6 

20-40 

33-30 

^' Mm ' 

2-36 


o s 
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Diet il. 




Total K. 

>f urine. 


N.of 

Y.of 

Kof 

N.of 

^ < 

Batch E. ^ 

Quantity 
>f urine. 

Weight. 

Burma 

rice. 

wheat 

ata. 

mung 

dal. 

vege- 

tables. 


c. a 

Grms. 

Lbs. 

Grms. 

Grms. 

Grms. 

Grms. 


9,070 

49*01 

120*4 

20*40 

27*75 

34*59 

2-36 


8,600 

49*48 

. . 

20*40 

27*75 

34*59 

2*36 

Five prisoners, Beharis-^ 

10,150 

48*74 

*• 

20-40 

27*75 

34*59 

2*36 

I 

11,120 

44-21 

•• 

20*40 

27*75 

34*59 

2*36 


8,400 

47-21 

120-4 

20*40 

27*75 

34*59 

*2*36 

Diet 111. 

Batch Y. 








r 

7,030 

45-86 

125*5 

20*40 

22*20 

34*59 

2*36 


7,350 

40-38 

125*3 

20-40 

22-20 

34-59 

2*36 

Five prisoners, BeFaris. -j 

8,610 

53-02 

125-2 

20-40 

22*20 

34*59 

2*36 


9,670 

48*72 

125*4 

20-40 

22*20 

34*69 

2*36 

V, 

8,210 

42*64 

125-5 

20-40 

22*20 

34-69 

2*36 

Diet lY. 

Batch Z, 

- 8,500 

42*69 

119*8 

20*40 

16*65 

34-69 

2*36 


7,800 

43*57 

.. 

20*40 

16*65 

34*59 

2*36 

Five prisoners, Beharis . - 

8.360 

43*59 

120 

20-40 . 

16*65 

34*59 

2*36 


8,900 

43*98 


20-40* 

16*65 

34*59 

2*36 


1 9,660 

45*67 

119*8 

20*40 

16-65 

34*59 

2*30 





Differem men — same dietzzIHei TF. 1 

Batch X. 

A 11,160 

43*82 

107‘6 

20*40 

16*65 

34*69 

2*36 


10,200 

44*41 

«« • 

20-40 

16*65 

34*59 

2*36 

Five prtoners, Beharis. 

- 11,600 

45*07 

* « 

20*40 

16*65 

34*69 

2*36 


10,300 

42*97 

107*6 

20*40 

16*65 

34-59 

2*36 


V 10,440 

42*82 

107-5 

20-40 

16*65 

34-69 

2*36 
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Wlxat do we leara from this series of investigations regarding the difierent 
degrees of nitrogenous naetaholism ? 


Diet 1. 

Total intake of N. for the ten Total output of N. in urine 

^ys of the two batches R and for the ten days of the two 

’ * * • • 906‘50 grms. batches R and X . . f 460'59 grms. 


Total N. metabolism . 485‘59 grms. 

=53' 56 per cent, of N. of diet, 
=9’71 grms. X. per m an daily. 


Diet II. 

tTotal intake of N. . . . 425-50 grms. Total output (see Table XI, Diet III). 

Total N. metabolism . 251-15 gr-ma, 

=59-02 per cent, of N. of diet, 

_ = 10-05 grms. N. per man daily. 


Diet III. 

"Total intake of N. . . . 397-75 grms. Total output— 

N. of urine . . 239-63 grms. 

•5 grm. N. constant , 12-50 „ 


Total X. of metabolism . 252-13 grms. 

= 63-38 pet cent, of N. of diet, 

= 10-08 grms. X. per man daily. 


Diet IV. 


-Total intake of X. for the ten Total output of X. in urine 

days of the two batches R for the ten days of the f 438-69 grms. 

and X . . . . . 740-00 grms. two batches R and \ 25-00 „ 


Total X. metabolism ’ 463-59 grms. 
=62-64 per cent, of If. of diet, 
=9-27 grms. X. per man daily. 


Enom these mveatigations we get the following results 


Constants of Diets. 


Burma rice 
Hung dal 
"Vegetables 


12 ozs. 



Per iitaJS'. 

Varying amounts of 
wheat ata. 

'Wheat ata 12 ozs. 

» » 10 „ 

,, „ d „ 


[Amount of IT. 
Diet of metabolism 

scheme. per man daily. 

Diet I. 9-71 grms. 

Diet II. 10-05 „ 

Diet in. 10-08 „ 

DiatIV. 9-27 


99 
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Tlie TnaTriTYinm protein absorption ■would therefore appear to occur with a 
diet containing something between 10 and 8 ozs. of wheat ata per man daily the 
other constituents remaining constant as in scheme. We may accept it that the 
optimum amount of wheat ata is 9 ozs. as from the very nearly identical results 
obtained with 10 ozs. and 8 ozs. respectively the intermediate figure would be the 
optimum. TMs corresponds fairly well with what was found in a similar set of 
experiments on prisoners in Bhagalpur jail, when country rice and arhar dal were 
given instead of Burma rice and mung dal— the optimum amount there being 
about 10 ozs. of wheat ata per man daily. 

By plotting out these figures we obtain a curve representing the degrees of 
protein metabolism for difierent amounts of wheat ata in the diets when the 
other constituents remain constant — see Chart TV. 

By plotting on the same chart the curves obtained for the protein absorption 
of prisoners in the Bhagalpur jail and in Buxar jail we again find that the Buxar 
curve is on a lower level than that of Bhagalpur, see Charts IX and XIII. As 
already mentioned this may be due to the higher degree of absorbability of the 
protein of country rice or the protein of arhar dal or both ; whatever may have 
been the cause it was \ery evident, while work was going on in these two Behar 
jails, that the health of the prisoners in Bhagalpur jail was much better than in 
Buxar jail. 

We met with no dif&eulty at aU in Bhagalpur, and no repetition of any of 
the diets was found necessary : but, in Buxar several repetitions were required on 
account of some one of the batch that was the subject of experiment going sick, 
getting fever, diarrhoea and even dysentery ; and, what was even more annoying, 
undergoing large variations in weight. On account of these and other factors 
we had to reject many sets of observatiom in Buxar, due almost entirely to 
the defective health conditions of the jail ; while in Bhagalpur, where the 
prisoners were a very healthy lot, we had no trouble and did not have to reject a 
single observation. 

(a) Buxar Jail. 

TABLE XIII. 

(iii) Investigations to make certain that the degree of nitrogenous metabolism 
from a diet containing 60 ozs. of wheat ata, 60 ozs. of Burma rice, 30 ozs. of dal and 
30 ozs. of vegetables, shown in Table XII, Diet I, was correct and that changing the 
kind of dal did not make much difference. 

Batches of five Behari prisoners were put on the above diets — ^the dais made 
uke of being mattar, gram and arhar dais furnishing almost identical quantities 
of nitrogen. 
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Five Behari prisoners observed, for five eonseoutive days- 


Batch 0. 

Quantity 
of urine. 

Totals. 

urine. 

Weight. 

1 

ISLof 

Burma 

rice. 

! 

N.of 

mattar 

dal 

of 

wheat 

ata. 

Kof 

vege- 

tahles. 



C. C. 

Grms. 

Lbs. 

1 

Grms. 

Grms. 

Grms. 

Grms, 


r 

6,710 

46*21 

115*8 

20*40 

30-72 

33*30 

2-36 



6,830 

42*73 

115*8 

20-40 

30*72 

33*30 

2*36 

Five prisoners, Beharis*! 


6,300 

44*71 

116*0 

20-40 

30-72 

33*30 

2*36 



5,850 

47-82 

115*9 

20-40 

30*72 

33*30 

2*36 


L 

5,870 

‘50-28 

115*8 

20-40 

30-72 

33*30 

2*36 

Batch P. 


8,240 

45*73 

116*3 

20*40 

N. of 
Gram dal 

30*05 

33*30 

2*36 



8,500 

44*44 

116*4 

20*40 

30*05 i 

f 

33*30 

2*36 

Five prisoners, Beliaris- 


10,040 

45*54 

116*2 

20*40 

30*05 1 

33*30 

2*36 



7,300 

48*87 

116*2 

; 20*40 

30*05 1 

33*30 

2*36 


L 

8,800 

46*24 

116*3 

20*40 

30*05 

33*30 

2*36 

Batch 0. 

r 

7,500 

46*84 

115*6 

20*40 

: jsr.of 
Arhar dal. 

30*05 

33-30 

2*36 



6,250 

42*30 

115*6 

18*72 

30*05 

33*30 

2*36 

Five prisoners, Beharis-j 

! 

6,960 

42*09 

115*8 

19*13 

30*05 

33*30 

2*36 



7,950 

45*83 

115*6 

18*79 

30*05 

33*30 

2*36 


- 

7,650 

51*11 

115*6 

18*60 

30*05 

33*30 

2*36 


By working these figures out we get : — 

Batch 0 on mattah dal. 

Total ]Sr. intake ... 4:33'90 grms. Total N. metabolism . 2M'25 grms. 

= 66*29 per cent, of K of diet, 

= 9*77 grms. of N. per man daily. 

Batch B. on geam dal. 

Total N. intake . . . 430*55 grms. Total N. metabolism . 243*32 grms. 

= 56*51 per cent, of F. of diet, 

= 9*73 grms. N. per day per mstn. 

Batch 0 on aehab dal. 

Total N. of intake . . 424*25 grms. Total F. metabolism . 240*67 grms. 

=56*60 per cent, of F. of diet, 

= 9*62 grms. F. per day per man. 
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We therefore haye very closely similar results for the amount of nitrogenous- 
metabolism in the four diets given, viz. 

^Mungdal 6'65grms. N. =9‘71grms. N. per day. 

^ \ Mattar „ 6' 11 „ „ =9'77 „ N. „ „ 

J Gram „ 6'01 „ „ =9’73 „ N. „ „ 

vAihar „ 6'01 „ „ =9'62 „ N. „ „ 

The last diet which contained arhar dal gives a slightly lower figure hut the- 
whole of the rice was not eaten which may account for the difierent result. 

These results show conclusively that with 12 ozs. of wheat ata, the amount of 
nitrogen absorbed, is about 9*7 grms. per man daily, which quantity we have 
shown to be lower than that absorbed when only 10 ozs. of wheat ata are given 
daily, the other constituents of the dietaries being similar. 

Further, they^^make it probable that an increase in the amount of protein offer- 
ed in the form of dal is not accompanied by a corresponding increase in the amount 
of protein undergoing metabolism, i.e., when the amount of protein in the diet is- 
already high. 

Thus from the investigations in this series we have : — 

Absorbed per man daily. 


Batch K and X, Diet I, Total X. of intake 

= 906* 50 grms. 

) 

X. of Mung dal 

=345*90 „ . 

j 9*71 grms. X. 

Batch 0, Diet I, Total X. of intake 

=433-90 „ ■ 

1 9*77 

X. of mattar dal 

= 153-60 „ 


Batch P, Diet I, Total X. of intake 

=430-55 „ ■ 

j 9*73 „ „ 

X. of gram dal 

=150-25 „ . 


Batch 0, Diet I, Total X. of intake 

= 424-25 „ ■; 


X. of arhar dal 

= 150-25 „ J 

^ 9*63 „ „ 


this Tnp.a.T\s that we get a practically uniform level of nitrogenous meta- 
bolism with diets that vary in the amount of their nitrogen intake per man per 
day from — 

18‘13 grms. to 17'36 grms. to 17*22 grms. to 16*97 grms. 

This bears out what we have already deduced from the results obtained iu 
all the different investigations, viz,, that, in diets of the type given in Bengal or 
Behai jails, it is useless to increase the amount of protein of the diet by an 
iacrease in the quantity of the cereals of which the diet is composed. Instead 
of an increase beyond.the optimum quantity producing a higher level of protein 
metabolism it has an exactly opposite effect. 

Summary of the results of these investigations. 

In section (I) we give the average value of the Behari jail diet in proximate- 
principles. 


Burma rice 12 ozs. 

Wheat ata 12 „ 

Vegetables 6 „ 
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In section (II) tte average level of nitrogen metabolism for prisoners on tbe 
full Bebari diet in Bbagalpur jail and on less than tbe full diet in Buxar jail will 
be found. 

Under this section we pointed out that it was impossible to get tbe full ration 
of Burma rice consumed ; and tbat, wben left to tbemselves, prisoners will eat 
about 12 ozs. of Burma rice per day in combination with 10 ozs. of wheat ata, 
6 ozs. of dal and 6 ozs. of vegetables. 

In section (III) we showed tbat this combination was an optimum, i.e., tbat 
from which a maximum protein absorption takes place. 

Having found tbat 12 ozs. per day was tbe optimum amount of Burma rice, 
we made use of this as a constant, and worked out tbe effects of varying tbe amount 
of wheat ata in tbe diets. From tbe results obtained it would appear tbat a <^uan- 
tity of (about) 9 ozs. of wheat ata is tbe optimum amount, when given in combina- 
tion with 12 ozs. of Burma rice, 6 ozs. of dal and 6 ozs. of vegetables. 

We also showed tbat very similar results as regards nitrogenous meta- 
bobsm were obtained wben mung, arbar, mottar or gram dais were given in equal 
quantities, and tbat tbe greater percentage of nitrogen present in mung dal did not 
increase tbe amount of protein absorption. 

We now pass to the observations made on similar bnes wben makkai ata was- 
substituted for wheat ata in tbe Bebari diets. Makkai ata is given in tbe cold 
weather only ; as it does not keep well, it is impossible to use it tbe whole year 
round. Eeference to Table IX will show tbat tbe value of this diet in proximate 
principles, while practically tbe same as that of tbe wheat diet in protein, is 
^ superior in both carbohydrate and fat. It presents, therefore, all tbe defects of 
' an entirely vegetable diet, with tbe further disadvantage tbat tbe TYi a.k'L-a.i ata can 
not be baked into bread, and for this reason has to be given in thick bard masses 
of little or no cohesion. Tbe absorption of protein from diets containing makkai 
is on tbe whole on a lower level than wben wheat ata is made use of, but tbe 
percentage absorption does not differ very markedly. 

(iv) Investigation to determine tbe different degrees of nitrogenous metabolism 
on diets composed of Burma rice, makkai ata, mung dal and vegetables — all consti- 
tuents of tbe diets, except tbe Burma rice, remaining constant in quantity. 



TABLE XIV. 

Scheme oe Diets. 



Constants. 

C Burma rice 

. 70 

ozs. = Diet I. 

Makkai ata 

. 50 ozs. 

1 ' J? >3 • 

. 30 „ ( + ^ 

• ^ » 3 I „ „ . 

. 60 

„ = Diet II. 

Mung dal . 

. 56 

„ = Diet III. 

Vegetables 

. 50 

= Diet IV. 



. 40 

„ = Diet V. 

B 
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Diet 1. 


Five BeJiari prisoners observed over five consecutive days. 


Batch S. 

1 

Quantity i 
of urine. | 

1 

TotalN, i 
of urine. 1 

Weight. 

Kof 

Burma 

rice. 

N.of 

makkai 

ata. 

N.of 

mung 

dak 

II 1 

' 

C. c. ! 

1 

Grms. 

Lbs. 

Gnus. 

Grms. 

Grms. 

Grms. 

f 

9,510 

40' 87 

117-3 ■ 

1 

23-80 

22-05 

34-59 

2*36 


10,340 

39-22 

117-4 

23-80 

22-05 

34-59 

2-36 

Five prisooers, Beharis- 

9,340 , 

36-93 

117-4 1 

23-80 

22-05 

34-59 

2-36 


9,150 

32-92 

117-3 

23-80 

22-05 

34-59 

2-36 

L 

7,510 

36-53 j 

117-3 

23-80 

22- J6 

34-59 

2-36 

Diet 11. 

Batch P. 

f 

9,740 

39-68 

117-2 

20-40 

22-05 

34-59 

2-36 


12,300 

40-03 

117-4 

20-40 

22-05 

34-69 

2-36 

Five prisoners, Beharis-^ 

9,280 

38-52 

117-4 

20-40 

22-05 

34-59 

2-36 

1 

1 

9,810 

42-30 

117-3 

20-40 

22-06 

34-59 

2-36 

I 

1 

9,680 

39-16 

117-2 

20-40 

22-05 

34-59 

2-36 

Diet 111. 

- - — - - ■ ^ - - 

Batch 0. 

7,700 

39-56 

115-4 

19-19 

22-05 

34-59 

2-36 


6,120 

40*86 

115*2 

19-19 

22-06 

34-59 

2-36 

live piisoBers ,Beliaxis- 

; 6,460 

37-19 

115-4 

19-19 

22-05 

34-59 

2-36 


6,650 

38-29 

116-4 

19-19 

22-05 

34-59 

2-36 


1 9,100 

38-29 

115-4 

19-19 

22-05 

34-59 

2-36 


70 ozs. ol Burma rice were offered in this diet, but ob au average only 58 oass. were eateu. 
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Diet IV. 


Batch: P. 

Quantity 
of urine. 

Total N. 
of urine. 

Grms. 

39-31 

37-89 

37-24 

37-62 

36-02 

1 Weight. 

LLs. 

117*4 

117*4 

117*4 

X. of 
Burma 
i ijce. 

! 

' K of 
makkai 
ata. 

isr.of 

mnng 

dal 

1 

Grms. 

34*59 

34-59 

34-59 

34-59 

34-69 

HC. of 
vege- 
, tables. 

i 

1 

Grms. 

2-36 

2-36 

2-36 

2-36 

j 2-36 

Five prisoners, Beharis- 

c.c. 

10,420 

8,160 

9,240 

10,310 

8.660 

1 

Grms. 

17-00 

17-00 

17-00 

17*00 

17*00 

Grms. 

22*05 

22*05 

22*05 

22*05 

22*05 j 

. 

Diet V. 

Batch Q. 

i 




! 




8,640 

38-26 

124*4 

13-60 

22-05 

34*59 

2*36 


8,880 

34-18 

124*6 

13-60 

22-05 

34-69 

2*36 

Pive prisoners, Beliaris<( 

9,130 

36-93 1 

124*4 

13-60 

22-05 

34-59 j 

2-36 


10,370 1 

35-64 1 

1 

124*4 

13-00 

22-05 j 

34-69 

2*36 

1 

8,720 1 

1 

35-64 ! 

! 

124-4 

13*60 

22-05 j 

34-59 1 

2-36 


, What do we learn legarding the protein metabolism with these difierent 
diets ? 


Diet 1. 

Total intake of N. . =4M-00grms. Total output— 

N. of urine .... 166-47 grms. 

•5 gnu. N. constant . . 12-SO „ 

Total K metabolism . . . 198-97 „ 

5=48-06 per cent, of N. of diet, 

= 7-96 grms. per man daily. 

Diet II. 

Total intake of N. . =397-00 grms. Total output — 

N. of urine .... 199*69 grms. 

-5 grms. N. constant per day . 12*50 „ 

Total JSr. metabolism . . . 212-19 „ 

=53-45 per cent, of K of diet, 

= 8-48 grms. per man daily. 

R 2 
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Diet III. 

Total N. of intake . =390‘95 grms. Total output — 

IST. of urine . . . • 194:T9 grms. 

■5 grm. daily constant . . 12'50 „ 

Total N. metabolism . . • 206‘69 ,, 

=52‘58 per cent, of N. of diet, 

= 8-26 grms. N. per man daily. 

Diet lY. 

'Total N. of intake . . =380‘00 grms. Total output — 

N. of urine .... 186‘98 grms. 

•5 grm. N. daily constant . 12-50 „ 


Total N. metabolism . . . 199-48 „ 

=52-46 per cent, of N. of diet, 

= 7-97 grms. N. per man daily. 

Diet V. 

Total N. of intake . . =363-00 grms. Total output — 

17. of urine .... 180-27 grms. 

•5 N. grm. per day constant . 12-50 „ 


Tot^ 17. metabolism . . . 192-77 

= 53-10 per cent, of N. of diet, 

= 7-71 grms. N. per man daily. 


Prom these investigations we get the following results per man, : — 


CoEfstants. 

Varying amounts of 

Burma' rice. 

Diet of 
scheme. 

Amount of nitro- 
genous metabolism. 


r Buima rice 14 ozs. 

Diet 1 

7*9B grms. 

Makkai ata . 10 ozs. 

1 >, )j 12 ,, 

Diet II 

8-48 „ 

Mung dal . 6 „ y + < 

1 

t 33 H*2 5, 

Diet III 

8-26 „ 

Vegetables . 6 „ J 

1 10 

33 33 l» 

Diet IV 

7-97 „ 


33 3> 8 

Diet V 

7-71 „ 

Tims we liave again found that an average of 12 ozs* per man of Burma rice is the 

amount from which the 

maximum absorption 

is obtained. 

This is the more 


remarkable in this series of experiments, for it will be observed that only 10 oza. 
of makkai ata were given per man daily instead of 12 ozs. as laid down in the Jail 
code. 

The reason for the diminution was that it seemed hopeless to expect the 
prisoners to consume the full amount of makkai ata of the jail diet ; when tried 
vrith 12 ozs. per man daily, even when the quantity of rice was much reduced 
they could not eat the whole amount for seven days consecutively. 

It was, therefore, thought advisable to dimmish the makkai ata to 10 ozs. per 
man daily, so that it could be kept constant in amount while the Burma rice was 
given in varying quantities. 
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This again contrasts very markedly with the results obtained at Bhagalpur 
where country rice was in use. There we had very little difficulty in getting the 
w 10 e 16 ozs. of rice eaten, but we did experience a certain amount of trouble with 
the prisoners on makkai ata and rice, as the full diet of these substances is very 

■bulky and was consumed witk difl&culty. 

As will be seen from the run of the figures of the nitrogenous metabolism ob- 
tained at Bhagalpur and Buxar, we again get a lower level of protein metabolism 
in Buxar, similar to that brought out by the curves of protein metabolism when 
the wheat ata diets were in use. The curves of the protein metabolism with 
wheat ata, dais and vegetables constant and the rice — country rice in Bhagalpur, 
Burma rice in Buxar ^varying, show on an average 0’4 grm. nitrogen in favour 
of the Bhagalpur prisoners see Chart IX ; but the curves obtained now in the 
case of the makkai diets are not so regular and show a greater difference in favour 
of the Bhagalpur prisoners — over 1 grm. nitrogen per man daily ; this can only 
be explained by the fact that the Bhagalpur prisoners were consuming the full 
12 ozs. of makkai ata while the Buxar prisoners were on 10 ozs. per day See 
Chart XIa. 

Although there are variations and irregularities in these curves when con- 
trasted with those obtained from prisoners on the wheat diets, yet they show 
distinctly that the maximum protein absorption is obtained from a diet in which 
the amount of rice, whether Burma or country, is close to 12 ozs. per man per 
day. Further, the investigations show that there is nothing to be gained, so far 
as the nitrogenous metabolism of the prisoners is concerned, by increasing the 
amount of rice in their diet beyond 12 ozs., for the only effect that a greater 
■quantity of rice can possibly have is so completely to distend the muscular wall 
of the stomach that its motility is lessened ; and, at the same time, the mere mass 
of materials increases the difficulty with which the digestive juices meet in 
penetrating the food-stuffs and in bringing about the changes necessary for 
absorption to take place. 

The results of this investigation we plot out in Chart. V. 

(V) Investigations on the degrees of nitrogenous metabolism on diets composed of 
Burma rice, makkai ata, mung dal and vegetables— all constituents of the diets, except 
the makkai ata, remaining constant in quantity. 


Constants 

Burma tice. 
Mung dal . 
Vegetables 


TABLE XV. 
Scheme op Diets. 



Makkai ata 


50 ozs 
48 „ 
40 


Diet I. 

„ Diet II. 
Diet HI. 
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Diet I. 


Five JBehari jpfisonevs observed fcT five consecutive days. 


Batch B. 

Quantity 
of urine. 

Total K". 
of urine. 

Weight. 

Kof 

Burma 

rice. 

N.of 

muBg 

dal 

Kof 

makkai 

ata. 

Kof 

vege- 

tables. 


ac. 

Grms. 

Lbs. 

Grms. 

Grms. 

Grms. 

Grms. 


9,740 

39-68 

117-2 

20-40 

34-69 

22-05 

2-36 


12,300 

40-03 

117-4 

20-40 

34-69 

22-05 

2-36 

Five prisoners, Beharis- 

9,280 

38-62 

117-4 

20*40 

34-69 

22-05 

2-36 


9,810 

42-30 

117-3 

20-40 

34-59 

22-05 

2-36 


9,580 

39-16 

117-2 

20-40 

34-59 

22-05 

2-36 

Diet II. 

Batch 0. 

' 7,690 7 

37-89 

115-6 

20-40 

34-59 

21-17 

2*36 


8,590 

40-82 

115-8 

20-40 

34-69 

21-17 

2-36 

Mv© prisoners, Bebaris - 

1 

6,900 

41-36 


20-40 

34-69 

21-17 

2-36 


6,4.00 

38-43 


20-40 

34-69 

21-17 

2-36 


. 7,030 

38*58 

115-6 

20-40 

34-59 

21-17 

2-36 


TMs liatcli was offered 60 ozs. of m£j»klca! ata per day? but ob aB average only 48 ozs. were eaten. 


Diet HI. 


Batch 8. 

9,560 35-75 

IMi) ' ■34»78 . 
Five prisoners, Beiiatia^ 9,820 41 *45 

^ J„ ' ,'9,400 : ' ' 85-79 

, L ,, 12,440, , '■ 


117*2 

20-40 

34-59 

17*64 

117*2 

20-40 

' ^ 34-59 

,"17*64 


20-40 

V 34-59 

17*64^ 


20-40 

1' ,34-59' 

17*64 


Il7*2'. 


2-36 

2-36 

2-36 

2-36 


20^40 


34-59 


17-64 


2-36 
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What do we leam from these investigations ? 

Diet I. 

Total intake of N. . . =397-00 grins. Total output— 


of urine 
•5 grm. N. constant 


199‘69 grms. 
12-50 „ 


Total ]Sf . metabolism , . 212-19 

=53-48 per cent, of N. of diet, 
==8-48 gnas. N. per man daily. 

Diet II. 


Total intake of 1^. 


=392-60 grms. 


Total output — 

N. of urine 

•5 grm. N. constant. 


197-08 grms. 
12-50 


Total N. metabolism. . . 209-58 

=53-63 per cent, of N. of diet, 
=8-38 grms. N. per man daily. 


Total intake of N. 


=374-95 grms. 


Diet Illi 

Total output — 

X. of urine . 

*6 grm. K. constant 


191*48 grms. 
12*^0 


Total N. metabolism . . . 203*98 

=54*40 per cent, of N. of diet, 

=8*15 grms. of N. per man daily. 

From these investigations we get the following results per man:— 

coustanteofdfete Varying amoMts of Diet of Amount of N. ab- 

Constante of diets. makkaiata. sebeme. sorbed per man 

Burma rice . lOozs. .Makkaiata lOozs. . Diet I 8-Spms 

Mungdal , . 6„ ( + 3 „ „ 9 - 6 ,, . Diet JI 8-88 

Vegetables . 6„ ) ( „ „ 8„ . Diet III 8-15 „ 

It was found useless to try to get more than 10 ozs. per day of makbai 
ata consumed by the prisoners in Buxar jail, so that our maximum quautity of 
makkai ata in this series of diets is 10 ozs.jyper man daily. So far as the 
observations go, it will be seen, on comparing them with the similar series carried 
outinBhagalpurjail with country rice, that they ‘j^bear out what we found there, 
mz.f that a diet containing up to lO^ozs. per man^daily may be taken with advant- 
age, and that by increasing the makkai from 8 ozs. to 9-6 ozs. and then to 10 ozs. 
for each man daily, we obtain a corresponding gradual increase in the actual 
amount of nitrogen undergoing metabolism. 

We may, therefore, conclude from the results of the experiments in Buxar 
and, as we shall see, also from those in Bhagalpur Central Jail, carried out with a 
view to determiue the amount of roakkai from which the maximum absorption 
of protein takes place (the other constituents of the diets being constant), that the 
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quantity laid down in tlie jail code, i.e., 12 ozs. per man daily is about tbe maxi- 
mum quantity that the average prisoner is capable of consuming ; and that, while 
an increase in this amount does seem to be accompanied by a slight increase in the 
ardount of protein absorbed, the fact that the prisoners cannot consume more than 
12 ozs. per day puts any idea of increasing the quantity of makkai ata out of court. 

We may now add to our summary the results of these observations, viz., when 
makkai ata is substituted for wheat ata in the Behari type of diet. 

The general efiect of the substitution of 10 ozs. of makkai ata for the same 
amount of wheat ata is to place the plane of nitrogenous metabolism of the pri- 
soners on a distinctly lower level. On the average for varying quantities of Burma 
rice the loweriug of the level of nitrogenous metabolism works out at 1-66 grms. 
of nitrogen per man daily. This is very clearly brought out by comparing the 
curves of the two series of investigations — shown on Charts YI and VII. 

Another important fact, which is evident from these results and shown on 
the chart, is that the maximum protein absorption takes place from diets — of either 
the wheat ata or makkai ata type — in which the 16 ozs. of Burma rice of the jail 
diet scale have been reduced to 12 ozs. per man daily. 

The optimum quantity of makkai ata for a diet composed of 12 ozs. Burma rice, 
6 ozs. dal and 6 ozs. vegetables would appear to be over 10 ozs. and, as we shall see 
from the investigations in Bhagalpur jail, probably lies about 12 ozs. per man 
daily ; however, this amount is the maximum that the prisoners are capable of eat- 
ing, and that only when the rice is reduced to 12 ozs. 

We may conclude, therefore, that so far as the observations go — 

(1) Burma rice may be reduced to 12 ozs. per man daily in either the wheat 
or makkai ata diet. 

(2) The 10 ozs. of wheat ata is the correct amount. 

(3) 6 ozs. of different dais is probably beyond the amount from which the 

maximum absorption can take place, unless the amount of rice is 
reduced considerably. 

(&} Bhagalpur Jail. 

(i) Investigations to obtain the different degrees of nitrogenous metabolism on diets 
composed of country rice, wheat ata, arhar dal and vegetables— all constituents, except 
rice of the diets, remaining constant 

TABLE XVI. 


Constaats. 

SCHJEJMB OB lilETS. 
f Country rice 

. 80 ozs.=DietI. 

Wheat ata . 

• 50 OJKS. " 

I 



. 70 

„ =Diet n. 

Arhar dal . 

♦ 30 ,, 


, n 

ft 

. 60 


V^etables . 

. 30 ,, . 

[ 


. 60 

„ swBietlV. 



I 



. 40 

,, aeUiefcV. 
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Diet I. 


Behari ‘prisoners observed over five consecutive days on each diet. 


Batch A. 

I 

Quantity 
of HTine. 

Total N. 
of urine. 

Weight. 

K. of 
country 
rice. 

N.of 

wheat 

ata. 

of 

arhar 

dal. 

N.of 

vege- 

tables. 


c.o. 

r 15,310 

grms. 

92-16 

lbs. 

125-6 

grms. 

49-95 

grms. 

56-16 

" 

grms. 

59-64 

grms. 

4-72 

Ten prisoners, Beharis. 

15,710 

93-91 

125-5 

49-95 

56*16 

59-64 

4-72 ■ 

- 15,630 

88*84 

125-9 

49-95 

56-16 

59-64 

4-72 


16,980 

91-50 

125-7 

49*95 

56-16 

59-64 

4*72 


^ 17,110 

94-13 

125-7 

49-95 

56-16 

59-64 

4-72 


Diet II. 

i 


Batch I, 

^ 7,100 

46-41 

127 

21-85 

28-08 

^ 29-82 

2-36 

Five prisoners, Beh aris . * 

7,900 

46*56 

127 

21-85 

28-08 i 

29-82 

2-36 

6,860 

46-48 

127-2 ! 

21-85 . 

28-08 1 

29-82 

2-36 


9,320 

49-97 

127-2 ^ 

21-85 

28-08 

29-82 

2-36 

^ 

9,380 

50-68 

127 

j 

21-86 

28-08 

29-82 

2-36 


Diet III. 


Batch 11. 

r 7,860 

52-15 

124*1 

18*73 

28-08 

29-82 

2*36 


8,270 

52-79 

124*2 

18-73 

28-08 

29-82 

2-36 

Mv© prisoners, Beharis, 

■ 6,640 

46*20 

124-4 

18-73 

28-08 

29-82 

2-36 


7,100 

48-50 

124-2 

18-73 

, 28-08 

29-83 

2-36 

Batch II. 

L 8,160 

49*74 

124*1 ' 

1 Contim 

18-73 

led on same 

j 

28-08 

diet anotlie 

29-82 

r week. Di 

2-36 
et m. 


' 6,030 

50-39 

124*2 

18*73 

28-08 

29-82 

2-36 


7,060 

49-91 

124*3 

18-73 

28-08 

29-^ 

2-36 

Five prisoners, Beharis. • 

1 6,000 

50-98 

124*4 

18-73 

28-08 

29-82 

2-36 



48-73 

124*3 

18-73 


29-82 

2-36 


1 6,960 

50-57 

124*2 

18-73 

28-08 

29-82 

2-36 


S 
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Diet IV. 



What do we learn regarding the degrees of nitrogenous metabolism from 
these investigations ? 


Diet I. 

Total intake — Output-- 

N. of Country rice . 249’76 grms. N- of urine .... 460‘64 grms. 

N. of Wheat ata . . 280'80 „ 6 grms. per day constant . 26‘00 

N. of Arhar dal . . 298’20 „ — , ” 

F. of Vegetables . , 23'60 „ Total N. metabolism . , . =485‘54: 

= 9’71 grms. K per man daily, 

Total N. of intake . .= 852-36 „ = 56-96 % of N. of diet. 


Total intake — 

If. of Country rice 
If. of Wheat ata 
If. of Arhar dal 
If. of Vegetables 


Diet II. 

Output — 

109-26 grms. N. of urine .... 240-10 grms. 

140-40 „ -6 grm. daily constant . . 12-60 

149-10 „ ” 

11-80 „ Total If. metabolism . . . =252*60 „ 

=10-10 grms. If. per man daily, 

=61-52% of If. of diet. 


Total If. of intake 


.=410-56 


a 






131 


Diet III. 


Total intake — 

N. of Country rice 
N. of Wheat ata . 
N. of Axhar dal 
E”. of Vegetables . 

Total N. of intake 


First weeh. 


93' 65 grms. 


140-40 

14910 

11-80 






.=394-95 


Total output — 

K of urine .... 249-38 grms. 

"5 gnu. per day constaut . . 12-50 „ 

Total If. metabolism . . .=261-88 „ 

= 10-47 grms. N. per day per man, 

= 66-30 % of If. of diet. 


Second week. 


Total intake — 

Same. . . , .= 394 - 95 grms. 

(Note the very close results 
from observations over 
each week.) 


Total output — 

N. of urine 

■5 grm. per day constant 


250-58 grmsi 
12-50 „ 


Total N. metabolism . . .=263-08 

= 10-52 grms. of N. per day per man, 
=66-61% of N. of diet. 


Diet IV. 


Total intake — 

N. of Country rice . 
N. of Wheat ata . 
N.ofArhardaJ . 
N. of Vegetables . 

Total N. of intake . 


. 78-30 grms. 

. 140-40 „ 

. 149-10 „ 

. 11-80 „ 


.=379-60 


Total output — 

N. of urine . . . . 234-08grms- 

■5 grm. per day constant . . 12-50 „ 


Total N. of metabolism . . =246-68 

= 9-86 grms. per day per man, 

= 64-95 % of N. of diet. 




DietV. 

Total intake — 


Total output — 

N. of Country rice . 

62-40 grms. 

E. of urine corrected for five men 232*03 grms. 

N. of Wheat ata . 

. 140-40 „ 

*6 grm, per day constant . , 12*60 „ 

E. of Arhar dal 

E. of Vegetables . 

. 149-10 „ 

. 11-80 „ 

Total N. metabolism . . .=244-53 „ 


= 9-78 grms. N. per day per man, 

Total N, of intake 

.=363-70 „ 

=67-23% of N. of diet. 

s 2 
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From tlxe results obtained we get tbe following : — 


Constants. 


Varying amounts 
of Rice. 


"Wheat ata 
Arhar dal 
Vegetables 



Country rice 


+ H 


Diet of 




Scheme. 

16 ozs. 

Diet I. 

14 

?? 

Diet II. 

12 

>5 

Dietm. 

10 

5 ? 

Diet IV. 

8 

>> 

Diet V. 


Amomit of nitrogen- 
ous metabolism 
per man 
daEy. 

9’71 grms. 
1010 „ 
10*49 ,, 
9*86 ,, 

9-78 „ 


■So tbat from this series of observations we bave obtained absolute confirmation 
of tbe facts already brought out in previous investigations, viz., increase of the 
quantity of rice (Burma or Country) beyond what we may call the optimum amount 
is not only not accompanied by an increase in the degree of protein metabolism, 
but actually by a decrease. 

By plotting out these figures we obtain a curve which clearly brings out the 
efEects on protein metabolism of a gradual increase in the quantity of rice from 
8 ozs. to 16 ozs. per man daily, when the other constituents of the diet are kept 
constant — shown on Chart VIII. 

The investigations in this series are of special importance and, from the point 
of view of the investigator, most satisfactory for these reasons : — 

(1) The prisoners experimented upon were finely developed healthy men. 

(2) They maintained their body-weight without any marked variation one 

way or the other. 

(3) In every instance the Ml quantity of rice and aU other elements of the 

daily diet were consumed. This difiers very markedly from 
what we found in Bnxar where Burma rice was in use. By a com- 
parison of the results of the amounts of nitrogenous metabolism 
from these different scales of diet we get remarkable results. Thus, 
supposing for a moment that exactly the same amount of protein 
would he absorbed and undergo metabolism by the prisoners from 
the “ constant ” constituents of the diets, we would get the follow- 
ing results regarding the relative variations in the amount of pro- 
tein absorbed from different quantities of rice : — 

From 16 ozs. of rice=4‘99gnas.N. relatively 9‘71gnas. 


14 




CO 

1! 

K 

n 

10-10 „ 

12 

n 

jj 


-3*74 „ 

N. 

91 

10-49 „ 

10 

n 



= 3*12 „ 

N. 

n 

>86 .. 

8 

s> 


>9 

= 2'49 , 

N. 


9*78 „ 
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Prom tkese results it is at once obvious that : 

(1) The optimum absorption is obtained in a diet of the above types when 
the amount of rice in the diet is about twelve ozs. per day. 

(z) The co-efficient of protein absorption of rice, or indeed of any of these 

vegetable food materials, cannot be anything approaching a con- 
stant. 

(3) The amount of nitrogen absorbed from the “ basal diet ” our “ con- 
stant ” is not uniform with varying amounts of rice in the diet, for 
example : — 

Diet III. 

Constant +3-74 N. from rice, metabolism 10-49 grms. 


Diet IV. 


Constant + 3-12 N. from rice, metabolism 9-86 grms. 

^.e., the co-efficient of protein absorption of rice from these results is just ever 

1 AA A/ j V » V-*. 


This is an impossibility and 
absorption from the “ basal 
rice is diminished. 


can only be explained by an accompanying increased 
or “ constant part of the diet when the amount of 


That this increased absorption from the basal or constant part of the ffiet 
has a hmit is brought out by a comparison of results of Diets III and V. 


Diet III. 

Constant -f 3-74 K from rice, metabolism 10-49 grms. 

Diet V. 

Constant -f 2-49 N. from rice, metabolism 9-78 grms. 

le., the absorptive co-efficient of the protein of rice now works out at about 
67 per cent. 

This is explained by the facts already shown. As the quantity of rice-given 
with the basal or constant part— is decreased from what we know to be the 
optimum ainount, the loss to the body of nitrogen is made up by a greater 
and greater increase in the absorption of nitrogen from the basal cormtituents of 
the diet, so that after an initial fall the amount of nitrogen absorbed -will remain 
fairly constant on reduction of rice—up to a certain Hmit. If this Hmit be 
exceeded, the faU in absorption will again take place. 

The proof of this is well seen in a comparison of the results obtained from 
Diet IV and Diet V. 
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Diet IV. 


Nitrogen of “ constant ” + nitrogen from 10 ozs. rice gives 9‘86 grms. N. metabolism,. 


Diet V. 

Nitrogen of “ constant ” + nitrogen from 8 ozs. rice gives 9'78 grms. N. metabolism. 

Tkerefore, if tke amount of nitrogen absorbed from the constant with vary- 
ing quantities of rice were always the same we should have 0'63 grms. of nitrogen 
giving an increased absorption of only 0'08 grms. of nitrogen which is absurd. 

The explanation is that in Diet V a grerter percentage of the nitrogen of both 
“ constant ” and the 8 ozs. of rice is absorbed than in Diet IV. 

TaMng the diets where the amount of rice is beyond the optimum the reverse 
conditions obtain. As the rice is increased in quantity a lower and lower percent- 
age of protein absorption takes place both from the “ constant ” and the varying 
quantities of rice. These observations afford further proof, if more evidence is 
required, of the impossibility of obtaining any one figure representing the absorptive 
co-efficientoftheproteinofrice, or indeed other cereals of a bulky nature when 
cooked, if the quantities of the food-stuffs forming the diets are high ; they 
further show that the degree of protein absorption depends very largely on the 
total mass of the diet. 

We would now draw attention to the very close similarity of the charts 
derived from the results in Buxar jail and Bhagalpur jail. In these observations 
where the quantities of rice given were similar in amount the charts appear to be 
practically identical. The Buxar chart, for reasons already mentioned, is on a . 
lower scale. We show this comparison on Chart IX. 


(ii) Investigations to determine the different degrees of nitrogenous metabolism 
on diets composed of country rice, wheat ata, arhar dal and vegetables— all con- 
stituents, except wheat ata of the diets, remaining constant. 


TABLE XVn. 

Scheme oe Diets. 

60 ozs.=Diet I. 

60 „ =Di6tII. 
40 „ =Diet III. 
30 *=Diet IV. 


■ Constauts. 
Country rice 
Arhar M 
Vegetables . 



Wheat ata 
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Diet I. 

Behafi prisoners observed over five cjnseciilwe 


Batch I. 


QuantitjiTotal N. Ln- . , , j I I 

of urine. ‘ of urine ' height. | country | wheat i 
I I * rice, i ata. | 


I iH.oi 


iReMABHS 


c.c. ] grms. 


grms. I grms. 


Five prisoners, Beharis 


Batch II. 

Five prisoners, Beharis 


Batch II. ‘ 


Five prisoners, Beharis 


r 8,480 50-57 127*9 18*73 33*69 

I I 

7,550 47-45 127*9 18*73 * 33*69 

8,980 48*68 128*0 18*73 33*691 

7,600 47*66 127*9 18*73 33*69 

^6,570 47-73 127*9 18*73 33-69 


grms. 

2*36 

2-36 

2-36 

2-36 

2*36 



See Table XVI — Bhagalpur Jail. 
Diet III — Observations over ten days. 




' 6,560 

42-80 

124*0 

18-73 

22*46 

29-82 

2-36 


8,050 

47-27 

124*5 

18*73 

22*46 

29-82 

2*36 

•* 

7,680 

1 

44-38 

124*7 

18-73 

' 22*46 i 

29*82 

2*36 


! 6,610 

47-84 

124-6 

18-73 j 

22*46 

: 29*82 

2*36 

1 

^ 6,830 

46-56 

124*6 

lS-73 j 

22*46 

29*82 

1 

2*36 
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What do we learn regarding the different degrees of nitrogenous metabolism 
from this series of investigations ? 


Total intake — 

N. of Country rice . 
N. of Wkeat ata 
N. of Arhar dal 
N. of Vegetables 

Total N. of intake 


Total intake of N. . 


Total intake — 

N. of Country rice . 
N. of Wheat ata 
N. of Aihar dal 
N. of Vegetables 

Total N. of intake 


Diet 1. 


. 93' 65 grms. 

. 168-45 „ 

. 149-10 „ 

. 11-80 „ 


.=423-00 „ 


Output — 

N. of urine . . • 242-06 grms. 

-5 grm. per day constant . 12-50 „ 

Total metabolism . . . =254’ 56 „ 

= 60- 18 % of N. of diet, 

=10-18 grms. of N. per man daily. 


Diet II. 

, =394‘95 grms. Total output of N. in urine 

+ Constant of '5 grm- ■ =262-48 grms. 
=64-45% of N. of diet, 

= 10-49 grms. of N. per man daily. 


Diet 111. 


. 93-66 grms. 

. 112-30 „ 

. 149-10 „ 

. 11-80 „ 


=366-85 


Total output — 

N. of urine . . • 228-85 grms. 

-5 grm. bT- of constant . 12-60 „ 

Total N. metabolism .=241-36 „ 
=65-78 % of N. of diet 
= 9-45 grms. N. per man daily. 


Total intake — 

N. of Country rice 
N. of Wheat ata 
N. of Aihar dal 
N. of Vegetables 

Total N. of intake 


Diet IV. 


. 93-66 grms. 
. 84-20 „ 

. 149 -10 „ 

. 11-80 „ 


=338-75 


Total output — 

N. of urine . . . 222-70 grms. 

- 5 grm. N- of constant . 12-50 ,, 


Total N. metabolism • =235-20 „ 
== 69-43 % of N. of diet 
= 9-41 grms. N. per man daily. 


Therefore from this series of observations we get the foEowing information : — 

Amount of 

Constants of Diet. Varying amotmts Diet of nitrogenous 

of wheat ata. Scheme. metabohsm 

per man daily. 


Country rice . 
Arhar dal 
Vegetables . 


12 ozs. 
6 „ 



Wheat ata 




99 


12 ozs. 
10 „ 
8 „ 
6 „ 


Diet I. 10-18 grms. 
Diet II. 10-49 „ 
Diet III. 9-66 „ 
Diet IV. 9-41 


99 


99 
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That is, the maximum proteiu absorption takes place from a diet containing 10 ozs. 
of 'wheat ata per day, the other constituents of the diet being constant at rice 12 ozs., 
arhar dal 6 ozs., vegetables 6 ozs., while the amount of wheat ata varies in the 
different diets from 6 ozs. to 12 ozs. per man daily. 

By plotting out these figures we obtain the curve showing the effects on pro- 
tein metabolism of this gradual increase in the quantity of wheat ata from 6 ozs. 
to 12 ozs. per man per day. This is shown in Chart X. 

By contrasting the charts of this series of observations in Buxar and Bhagal- 
pur jails — Charts IV and X — it will be seen that the level of nitrogenous meta- 
bolism is lower in Buxar jail and that, while the curves do not exactly correspond 
with each other, they have much the same features. 

The quantity of wheat ata in the Buxar diet which gave the maximum absorp- 
tion we found lay between 8 and 10 ozs. and, from the closeness of the figures for 
these amounts, we decided it was 9 ozs. In the Bhagalpur diet the chart shows 
10 ozs. of wheat ata as giving the maximum absorption, but no observation was 
made with 9 ozs. of wheat ata in the diet ; so it is quite possible that the 
amounts may be identical for the two jails. At all events, we are justified in 
concluding that, with diets of the Behari type, the most advantageous com- 
bination appears to be : — 

Burma or Country rice 12 ozs. 

Wheat ata . . . . . . . 9 or 10 ozs. 

Different dais 6 ozs. 

Vegetables 6 „ 

'Both charts agree in showing there is nothing to be gained by increasing the 
amount of wheat ata to more than 10 ozs. per man daily. 


(iii) Investigation to determine the different degrees of nitrogenous metabolism 
on diets composed of country rice, makkai ata, arhar dal and vegetables— all consti- 
tuents of the diets, except country rice, remaining constant in quantity. 

TABLE XVIII. 

Scheme oe Diets. 

^Country rice . 80 ozs.— Diet I. 

( „ „ . 70 „ =DietIL 

+ < „ . 60 „ a= Diet III. 

/ „ . 60 „ =DietIV. 

^ „ „ • ‘40 „ ==DietV 


Makkai ata 
Arhar dal 
Vegetables 


COlfrSTASTS. 


. 60 ozs. ■) 

. 30 „ C 
. 30 „ ) 
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Diet 1. 


Bshafi 'pfisonsfi's obscfved ovef 'five consBcutivc days- 


Batch B. 

Quantity 
of Urine. 

Total N. 
of Urine. 

Weight. 

K of 
Country 
rice. 

N. of 
Makkai 
ata. 

H. of 
Arbar 
dal. 

N.of 

Vege- 

tables. 


c.c. 

grms. 

lbs. 

grms. 

grms. 

grms. 

grms. 


r 16,560 

88-21 

121*2 

49*95 

50*04 

59-64 

4*72 


19,130 

90-80 

— 

49*95 

50*04 

69-64 

4*72 

Tea prlsoaers, Behaiis. 

‘ 15,790 

85-77 

— 

49*95 

50*04 

59-64 

4*72 


17,420 1 

90-49 

— 

49*95 

50*04 

59-64 

4*72 


18,740 j 

93-77 

121*2 

49*95 

50*04 

69-74 

4*72 


Diet II. 


Batch III. 


- 6,090 

40*02 

120*4 

21*85 

23*54 

29-82 

2*36 



7,320 

42*63 

— 

21*85 

23*54 

29*82 

2*36 

Five prisoners, Beharis. 

i« 

6,130 

40*59 

120*4 

21*85 

23*54 

29*82 

2*36 ^ 



6,400 

41*66 

— 

21*85 

23*54 

29*82 

2*36 



^ 7,560 

45*40 

120*4 

21*85 

23*54 

29*82 

2*36 


Only 66 ozs. of makkai ata -wexs eaten on the average daily on, this diet. 


Diet III. 


Batch IV. 










^ 8.890 

45-53 

122-7 

18*73 

26-04 

29*82 

2*36 



7,030 

45 42 

122*6 

18*73 

25*04 

29-82 

2*36 

Five prisoners, Bebaris . 


7,510 

46-40 

122*8 

18*73 

26-04 

29*82 ' 

2-36 



8,660 

46 07 

'122-8 

18*73 

26-04 

29*82 

2*36 



.10,850' 

46*24 

122-7 

18*73 

26-04 

29*82 

2*36 


139 


Diet IV. 


Batch III. 

Quantity 
of Urine . 

Total N. 
of Urine. 

Weight. 

K. of 
Country 
rice. 

X. of 
3Iakkai 
ata* 

N. of 
Arhar 
dal. 

X.of 

Vege- 

tables. 



7,300 

41*69 

121*1 

15*66 

26-02 

29*82 

2*36 



6,120 

42*41 

121*3 

15*66 

25*02 

29*82 

2*36 

Five prisoners, Beliaris* 

■< 

6,740 

43-S7 

121*2 

15*66 

25-02 

29-82 

2*36 



5,860 

38-55 

121*2 

15*66 

25*02 

29*82 

2*36 


1 6,000 

41-45 

121*1 

15*66 

1 

25-02 

29*82 

2*36 

Diet V. 

* 


7,770 

40*13 

121*1 

12*48 

25-02 

29*82 

2*36 



7,340 

41-61 

121*2 

12*48 

25*02 

29*82 

2*36 

Five prisoners, Beharis . 


6,620 

41*92 

121*2 

12*48 

25*02 

29*82 

2*36 



6,810 

38*80 

121*1 

12*48 

i 25*02 

29*82 

2*36 


L 

7,040 

42*49 

121*1 

12*48 

. 

25-02 

1 

29*82 

2*36 


What do we learn regarding the protein naetabolism going on with these 
different diets ? 


Diet I. 

Total iatake of N. . . =821'75 grms. Total nitrogenous metaboBsm .==471'04grms^ 

=67-32 % of N. of diet 

= 0 T 9‘42 grtas. "N. per roan dailr. 


Total intake of N. 


Total intake of N. 


Diet 11. 

Output — 

. =:387'85 grms. N. of urine 

‘6 grm. constant 


210' 30 grms.^ 
12-60 „ 


Total N. metabolism . . .=222'80 „ 

=57-47% of N. of diet 
= 8-91 grms. N. per man daily. 


Diet 111. 

Output — 

. =379'76grms. N. of urine 

■5 grm. constant 


229-66 grms. 
12-60 „ 


Total N. metabolism . .=241*16 „ 

=63-76% of F. of diet 
= 9-68 grms. F. per man daily. 

T 2 
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Diet IV. 

Output — 

Total iutake of N. . . =363'30 grms. N. of urine .... 20/ 9/ grms. 

■5 grm. constant . . . 12'60 „ 

Total N. metabolism • • =220‘47 „ 

=-60-88% of N. of diet 
=8-82 grms. per man daily. 


Diet V. 

Total output — 

Total N. of intake . . =348' 40 grms. N. of urine .... 204-96 grms. 

■5 grm. per day constant . ll'SO „ 

Total N. metabolism . . =217-46 „ 

=62-13 of N. of diet 
=8-69 grms. N. per man daily. 

!From these investigations we get the following results per man : — 


Amount of 

Consta,nts" of Diets. Varying amounts Diet of N* metabolised 

of Country rice. Scheme. per man daily. 

r Country rice . 16 ozs. =Diet I. 9*42 grms. 

Maklraiata . 12ozs. . \ i »» ” * =Diet IL^ 8*91 ,, 

Arhardal , 6 „ V 4. < . 12 „ =DietIII. 9*68 .j 

Vegetables . 6 „ J „ „ . 10 „ =DietIV. 8'82 

„ . 8 „ -DietV. 8*69 „ 


The series shows that the best absorption is obtained from a diet in which Country, 
rice 12 ozs. per man daily is given, thus again confirming the results obtained in 
the other series of experiments to determine the optimum amount of rice for a 
diet of the above type. 

Chart XI gives the results shown in a graphic manner ; in regard to .the diet 
containing 14 ozs. of rice, only 11 ozs. of makkai ata were consumed which rather 
spoils the chart, but, leaving this entirely aside, the fall with 16 ozs. confirms 
the former results that 12 ozs. of rice — Burma or Country — is the optimum quan- 
tity, whether in combination -with 10 ozs. of wheat ata or 12 ozs. of makkai ata. 

In Chart XIa we contrast the curves plotted out from the results of the 
same series in Bhagulpur jail and Bnxar jail. It -will be evident that they present 
practically the same features of importance. The Bhagulpur results are on a 
higher level of nitrogenous metabolism due largely to the prisoners in that jail 
being able to consume and make use of 12 ozs. of makkai while those in Bnxar could 
only eat 10 ozs. 

^ In tMs diet tbe makkai ata was not constant and averaged 11 ozs. per man daily instead of 12 ozs. 
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(iv) Investigations to determine the degrees of nitrogenous metabolism on diet 
composed of country rice, makkai ata, arkar dal and vegetables— all constituents of the 
diet except makkai ata, remaining constant. 


TABLE XIX. 

Scheme of Diets. 

Constants. Varying quantities of makkai ata. 


Country rice 

. 6O0ZS.) (Makkai ata 


. 60 ozs. 

=Diet I. 

Arhar dal 

. 30 „ > + 4 „ „ 


. 50 „ 

=Diet II. 

Vegetables 

• 30 „ ) {. „ „ 

• 

. 40 „ 

=DietIII, 


Diet 1. 


Five Behari prisoners observed over five consecutive days. 


Batch IV. 

Quantity 
of Urine. 

Total N. 
of Urine. 

Weight. 

N. of 
Country 
rice. 

3sr. of 
Makkai 
ata. 

N. of 
Arbar 
dal. 

K. of 
Vege- 
tables. 



o.c. 

grms. 

lbs. 

grms. 

grms. 

grms. 

grms. 



f 8,590 

45-53 

122*6 

18-73 

25*02 

29*82 

2*36 



‘ 7,030 

45-42 

122-6 

18-73 

25-02 

29*82 

2*36 

Five prisoners; Beharis. 

•< 

7,510 

46-40 

122*8 

18*73 

26-02 

29*82 

2*36 



8,660 

46-07 

122-7 

18-73 

25*02 

29*82 

2-36 



^ 10,850 

46-24 

122-6 

18-73 

25-02 

29*82 

2*36 

ft 



Diet 11. 





Batch IV. 


r 9,100 

42*92 

122-9 

18*73 

20*85 

; 29*82 

2*36 



8,710 

42-92 

122-9 

18-73 

20*85 

29*82 

2*36 

Five prisoners, Beliaris. 

< 

! 8,130 

40-29 

123-1 

18*73 

20-85 

29-82 

2-36 



8,890 

42-06 

123-1 

18-73 

20*85 

29*82 

1 2-36 



L 8,580 

42-04 

123 

18*73 

20-85 

: 29*82 

2-36 
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Diet ill. 


Batch IV, 

Quantity 
of Urine. 

Total N. 
of Urine. 

Weight. 

N. of 
Country 
rice. 

N. of 

Makkai 

ata. 

^ N. of 
i-^rbar 
Dal, 

N. of ^ 
Vege- 
1 tables. 


c.c. 

grms. 

lbs. 

grins. 

grms. 

grms. 

grms. 


" 7»820 

41*27 

123*9 

18*73 

16*68 

29*82 

2*36 


8,200 

40*63 

123*7 

18*73 

16*68 

29*82 

2*36 

Five prisoners, Bebaris . 

i 10,350 

42*74 

123*9 

18*73 

16*68 

29*82 

2*36 


8,210 

40*91 

124*0 

18*73 

16*68 

29*82 

2*36 


7,550 

41*0] 

124*0 

18*73 j 

16*68 

29*82 

2*36 


Wliat do we learn regarding the protein metabolism from this series ? 


Diet 1. 

Total output — 

Total intake of nitrogen. =379'76gnns. N. of urine .... 229'66grnas. 

■5 grm. constant . . . 12’50 „ 

Total N. metabolism . . =242‘16 ,, 

=63’76 % of N. of diet 
= 9' 68 grms. N. per man daily. 

Diet II. 

Total output — 

Total intake of nitrogen. = 368' 80 grms. bf. of urine .... 210' 23 grms. 

■5 grm. per day constant . 12' 50 „ 

Total N. metabohsm • . ==222’73 „ 

=62-07% of N. of diet 
= 8-91 grms. of N. per man daily. 

Diet III. 

Total output — 

Total intake of nitrogen. =337-95 grms. N. of urine .... 206-56 grms. 

•6 grm. per day constant . 12-60 „ 


Total N. metabolism . . =219-06 

=64-82% of N. of diet 

. ==8-76 grms. N. per man daily. 

We, therefore, get the folio-wing results : — 

Constants, Varying amounts Diet of Amoant of nitro- 

of makkai ata. geuoiis metabolism 


per mao daily. 

Country rice. 12 ozs. ) (Makkaiata . 12 ozs. Diet I. 9-68 arms 

krhuM , 6 .. [+] 10 „ Diet IT. 8-91 

Vegetables . 6 „ 4 ^ . 8 Diet HI. 8-76 
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It would, tberefore, appear that up to 12 ozs. of makkai ata may be taken 
with advantage in combination with 12 ozs. rice and the usual dal and vegetables. 
But it is almost impossible to get 12 ozs. of makkai eaten for more than a few 
days at a time : even in Bhagulpur we had difficulty in having the full ration taken. 

We may conclude, therefore, that 12 ozs. of makkai is about the maximum 
amount the prisoners will consume voluntarily ; and our results show that it is 
not beyond the amount from which the maximum absorption, in a diet of the 
above type, is able to take place. The 12 ozs. of makkai ata sanctioned in the 
jail code is about right if the quantity of rice be reduced to 12 ozs. per man daily. 

The efiect of substituting makkai ata 12 ozs. for wheat ata 10 ozs. in Bhagulpur 
jail is shown on Chart XII. The results obtained corroborate what we found 
in the Buxar investigations, viz., it had the ejSect of placing the prisoners on a 
lower plane of nitrogenous metabolism. The average decrease in the amount of 
nitrogen undergoing metabolism from this substitution is not so great as in Buxar 
jail — in Buxar jail it was 1'66 grms. nitrogen whereas in Bhagulpur jail it is 
under 1 grm. However, the prisoners in Bhagulpur jail were getting 12 ozs. of 
makkai, while the Buxar prisoners only got 10 ozs. 

This concludes our observations on the effects of varjing the quantities of 
wheat ata and ihakkai ata, Burma rice and Country rice in the two jails of Behar. 

The results obtained are very definite and clear. While certain variations 
are met with, due to accidental or experimental errors, the main features of the 
curves obtained under similar conditions are very closely identical. 

We claim to have proved from these investigations that the quantity of rice — 
Burma or Country — ^in the Behari diet is too great ; and that, whether given with 
wheat ata or makkai ata, it can be reduced to 12 ozs. per man daily. The advan- 
tages of this reduction are clearly brought out in the charts and do not require any 
further discussion. Further, we have shown that 10 ozs. of wheat ata per man 
daily, and from 10 to 12 ozs. of makkai ata are the optima amounts to be used in 
combination with 12 ozs. of rice. 

There now remains the question of the amount of dal, when given along with 
these quantities of rice and wheat or makkai ata, from, which the best results are 
to be obtained. We have seen from the investigations recorded on Table XIII 
that with a diet composed of 12 ozs. Burma rice, 12 ozs. wheat ata, and 6 ozs. of 
different dais very similar amounts of protein absorption took place whether 
the dal was highly nitrogenous or only fairly so. This is evidence that the nitrogen 
of the highly nitrogenous dais is not absorbed so well as that of the dais offering 
less nitrogen in the diets, and that, therefore, the amomit of nitrogen offered in 
the form of dal for that type of diet could be decreased with advantage, i.e., would 
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leave less residue for intestinal putrefaction. While this is true with regard to 
a diet containing 12 ozs. of wheat ata, will it be the case when the wheat ata is 
reduced to 10 ozs, per man daily ? 

The question, therefore, is : — accepting our result as correct, that the proper 
quantities for a diet of the Behar type are 12 ozs. of Burma or Country rice, 10 ozs, 
of wheat ata or 12 ozs, of makkai ata, what amount of dal should be given with 
these constituents in order that the absorption should be a maximum ? In order 
to answer this question the following investigations were carried out. 

To keep the conditions as nearly constant as possible arhar dal was experi- 
mented with in Bhagulpur Jail, and mung dal in Buxar Jail. Mung dal is a repre- 
sentative of the more highly nitrogenous forms, while arhar contains the medium 
percentage of protein. Both forms are favourite dais with the Behari, They may 
be, therefore, taken as fairly representative of the general run of dais in use. 

(i) Investigations to obtain the varying degrees of nitrogenous metabolism on 
diets of country rice, wheat ata, arhar dal and vegetables — when all constituents 
of the diets are constant, except the arhar dal. 

Bliagalpur Jail. 

TABLE XX. 

Scheme of Diets. 

Constants, 

Country rice . . .60 ozs. V r Arhar dal . 35 ozs. Diet I. 

Wheat ata . . . 50 „ 4 „ „ . 30 „ Diet 11. 

Vegetables . . . 30 „ ) L „ „ ■ 25 „ Diet III. 

Diet I. 


Behari 'prisoners observed for five consecutive days. 


Bai:cs V. 

Quantity 
of TJrine. 

Totals, 
of Urine. 

Weiglit. 

N. of 
Country 
rice. 

K of 
Wheat 
ata* 

N. of 
Arhar 
dal 

N. of 

Vegetables. 


c.c. 

grms. 

lbs. 

grms, 

grms. 

graas. 

grms. 


r 7,070 

49-78 

129B 

18-73 

28-08 

34-79 

2-36 


7,750 

60-99 

129-7 

18-73 

28-08 

34-79 

2-36 

Mve prisooers, Belxaris . 

H 7,000 

46-59 


18-73 

28-08 

34-79 

2-36 


8,240 

60-23 


18:73 

2S-08 

34-79 

2-36 


1 7,180 

60'04 

129‘8 

18-73 

28-08 

3479 

2-36 
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Diet 11. 


Batch II. 

Quantity 
of Urine. 

Total N. 
of Urine. 

Weight. 

1 

_ . . . i 

K of 
Country 
rice. 

K of 
Wheat 
ata. 

H. of 
Arbar 
dab 

X. of 
Vege- 
table . 



c.c. 

grms. 

lbs. 

grms. 

grms. 

grms. 

grms. 

Five prisoners, Beharis . 



See Table XVI — Bhagulpnr Diet III. 

Average for 10 days’ observation. 




Diet 111. 

Batch V, 


p 7.630 

48-17 

129*9 

18*73 

28*08 

24*85 

2*36 



6.300 

46*92 

.. 

18*73 

28-08 

24-85 

2-36 

Five prisoners, Beharis • 


6,530 

44*43 

•• 

18*73 

28*08 

24*85 

2*36 



7,250 

46*99 

•• 

18*73 

28*08 

24*85 

2*36 



> 4,400 

41*84 

129*9 

18*73 

28*08 

24*85 

2*36 


What do we learn from this series of investigations ? 

Diet I. 

Total intake of nitrogen . =419‘80 grms. Total output — 

N. of urine . . . 246‘63 gnn' 

•5 grm. per day constant . 12-50 „ 

Total N. metabolism . . =259-13 „ 

=61-72 per cent, of N. of diet 
=10-28 grms. of N. per man daily. 


Diet 11. 


(See Table XVI — Bhagulpur.) 

Total X. of intake . . =394-95 grms. .Total K metabolism . =262-48 grms 

= 66-45 per cent, of N. of diet 
= 10-49 grms. of X. per man daily. 


Total N. of intake 


Diet 111. 

=370-10 grms. Total output — 

N. of urine . . . . 228-35 grms 

-5 grm N. daily constant . 12-50 „ 


Total N. metabolism - . =240-85 

=65-07 per cent, of N. of diet 
= 9-63 grms, X. per man daily. 


n 
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We, therefore, get the following information from this series — 


Constants. 


Varying amounts 
of Afhar dal. 


Diet of 
scheme. 

Amount of 

N. metabolism 
per man daily. 

Country rice 
Wheat ata 
Vegetables 

. 12 ozs. 

- 10 „ 

. 6 „ J 

1 / Arhar dal . 

r* + j 5 , 

1 \ 55 • 

7 ozs. 

6 53 

5 53 

Diet I. 

Diet II. 
Diet III. 

10’28 grms. 
10-49 „ 

9-63 „ 


That is, we have evidence that an increase in the quantity of arhar dal of the 
prisoners’ diet scale is not accompanied by an increase — but by a diminution — in the 
actual quantity of protein absorbed and assimilated from the diet. We further 
learn that the quantity sanctioned for the jail diet is the amount from which the 
mayimnTn absorption takes place — that is, when combined with the quantities of 
rice and wheat ata from which we obtained the maximum absorption — 12 ozs. of 
rice and 10 ozs. wheat ata. 

It is quite possible and highly probable that other combinations of rice, wheat 
or makkai ata dal could have been obtained from which an equally good absorp- 
• tion of protein would have followed : as for instance one containing 

14 ozs. of rice, 14 ozs. rice, 

10 „ of wheat ata, 12 „ of makkai ata, 

4 „ difierent dais, 4 ,, of arhar dal, 

6 „ vegetables, 6 „ of vegetables, 

but, while combinations such as these are possible and worthy of investigation, we 
were guided in our researches by what was observed during the dieting experiments. 
As before stated, it was with difBiculty that we could get 16 ozs. of Country rice eaten, 
and impossible to get 16 ozs. of Burma rice consumed by prisoners. It therefore 
appeared a clear indication that rice was the part of the diet in excess of 
requirements, especially as there never was any difficulty in getting the 10 ozs. of 
wheat ata or 6 ozs. of dal daily completely consumed. Although 12 ozs. of makkai 
ata were eaten in the majority of experiments in Bhagulpur — where that amount 
was given— it was always with some difficulty that we got it consumed for seven 
days consecutively, and therefore increase in its amount is not practicable. 

Another point to which we may draw attention and one that affords further 
evidence that the quantities of rice, wheat ata and dal, which we have suggested 
are those from which the best absorption will take place, is the high co-efficient of 
absorption obtained for the protein of arhar dal when Diets II and III of this table 
are contrasted. Thus — 

Diet II — protein absorption from constant + that from 6 ozs. 

■ Arbar ^1 giyes 10'49 grms. nitrogen per man dahy. 

Diet III— protein absorption from constant + that from 6 oz®. 

Arbar dal gives 9'63 grms. nitrogen per man daily, 



Now, assuroiag that the amount of protein, absorption from the constant part 
of these diets is the same in both — ^this is probably a correct assumption as the 
decrease in bulk due to one oz. of arhar dal would have little effect, and is quite 
different from a reduction in the much more bulky rice — we see that an increase of 
one oz. of arhar dal causes an increased protein metabolism from 9*63 grms. to 
10*49 grms. nitrogen. 

This works out at an absorption of the protein of arhar dal of just over 85 per 
cent. ; a figure closely approaching the normal to be expected for a fairly digestible 
vegetable protein. 

Exactly similar results were obtained in Buxar jail by reducing the mung dal 
from 6 ozs. to 5 ozs. and finally to 4 ozs. per man daily — when the diet consisted 
otherwise of Bm’ma rice 12 ozs., wheat ata 10 ozs. and* 6 ozs. of vegetables. A 
steady fall in the level of nitrogenous metabolism took place ; so that we 
may accept it that the 6 ozs. of dais sanctioned in the jail dietaries is the correct 
amount, when given in combination with the optimum amount of Burma or Country 
rice and wheat or makkai ata. 


(ii) Investigation to obtain the varying degrees of nitrogenous metabolism on 
diets of Burma rice, wheat ata, mung dal and vegetables — when all constituents of 
the diets are constant, except the mung dal. 


Buxar Jail. 

TABLE XXI. 




Scheme of 

Diets. 


Constants. 



Varying amounts of mnng 

dal. 

Burma rice . 


. . 12 ozs. q 

r Mung dal 6 ozs. Diet 

I. 

Wlieat ata . 

• 

. . 10 „ f. 

5 5 , Diet 

II. 

Vegetables . 

• 

• • 0 j, y 

(. 97 tif ^ 77 Diet 

III. 


Diet I. 

Behari prisoners diserved for five consecutive days. 

Intake of nitrogen =425'50 grms. 

See Table XI, Diet III, Buxar Jail Output of nitrogen ='25V16 „ 

=59'02 per cent, of N. of diet = 10*05 „ N. per man daily. 
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Diet 11. 


Batch V. 

Quantity 
of Urine. 

Total N. 
of Urine. 

K of 
Burma 
rice. 

N.of 

meat 

ata. 

N. of 
Mung 
dal. 

N. of 
Vege- 
tables. 

Weight of 
prisoners. 



c.c. 

grms. 

grms. 

grms. 

grms. 

grms. 

lbs. 


r 

6,300 

41 -SS 

20-40 

27*75 

28-82 

2*36 

107*4 



6,620 

44-75 

20-40 

27*75 

28*82 

2*36 

107-6 

Five prisoners, Beliaris . 

- 

6,690 

39 28 

20-40 

27*75 

28-82 

2*36 

107-6 



6,600 

41*29 

20-40 

27-75 

28-82 

2-36 

107-5 



5,720 

47*80 

20-40 

27*75 

28-82 

1 

2*36 

107-4 

Diet 111. 



- 4,560 

38-38 

20*40 

27-75 

23*06 

2-36 

i 

1()7*3 



6,030 

36-72 

20-40 

27*75 

. 23*06 

2*36 

107-2 

Five prisoners, Beharis . 


5,000 

38*77 

20-40 

27*75 

23*06 

2*36 

107*3 



6,500 

39-58 

20-40 

27*75 

23*06 

2*36 

107*2 



. 6,000 

35-95 

20*40 

27-75 

23*06 

2*36 

107*2 


WKat do we learn from this series ? 


Diet 1. 

Total nitrogen intake .= 425-50 grms. Total outpu.t=25r 16 grms. 

=69-02 per cent, of the nitrogen of the diet 
or 10-06 grins, of nitrogen per man daily. 


Diet 11. 

Total nitrogen intake .= 396-65 grms. Total output— 

K. of urine .... 214-67 gnns. 
5 grm. daily constant . . . 12-60 „ 


Total N. metabolism . , . 227*17 „ 

=57-27 per cent, of the toW nitrogen of the diet. 
= 0-09 grms. of nitrogen per man daily. 





Total nitrogen intake 
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Diet III. 


• =367*80 grms. Total output — 

IST, of urine 

*5 gim. daily constant . 


. 189*40 grms* 
. 12*50 » 


Total N. metabolism . . . 201*90 „ 

=54*89 per cent, of tbe nitrogen of tbe diet. 
=8*08 grms. of nitrogen per man daily. 


Therefore, we obtain the following information : — 


Constants. 

Emma rice . 12 ozs. 
Wheat ata . 10 „ 
Vegetables . 6 „ 



Varying amounts 
of mung dal. 

Mung dal . 6 ojzs. Diet I. 

• h 5 , Diet II. 
„ „ . 4 ,, Diet III 


Grms. of nitrogenous 
metabolism per 
man daily. 

10*05 

9*09 

8*08 


Again showing that the naaximum absorption is obtained from a diet consisting of 
12 ozs. Bnima rice, 10 ozs. wheat ata, 6 ozs. vegetables when 6 ozs. of mung dal is 
given, and that a reduction of the amount of dal is followed by a corresponding 
reduction in the quantity of nitrogen absorbed. We give on Chart XIII the figures 
for the varying amounts of mung and arhar dais plotted out to show the effects 
graphically. 

By worHttg out the percentage protein absorption of mung dal from the diets 
given on Table XXI it will he found to average 85 per cent. — a much higher figure 
than can be obtained when the quantities of rice in the diet are greater than 12 ozs. 
per man daily. 

As we have already poiuted out this may not be entirely due to a high protein 
absorption from the dal alone — although in this particular type of diet it probably 
is. In all likelihood an increased absorption takes place from the constants of the 
diets so that a seemingly greater increase occurs from the varying constituents 
than is really the case ; this is particularly the case when we are dealing with 
a bulky material like rice as the varying constituent of the diet. 

This finishes ^11 we have to say regarding section (3) or the effects of varying 
the quantities of the components of the Behari type of diet. 

It wiE be evident from a comparison of these results with those obtained from 
the dietaries of lower Bengal jails that the Behari is on a higher level of nitrogen- 
ous metabolism, and in accordance with this we find his physical development, 
body weight, and general capabilities of performing work and resisting infection also 
on a higher level. The great defect of the Behar jail diet is the same as that of the 
lower Bengal diet — ^the large residue left over to he dealt with by the bowel with 
all its attendant disabilities. It is not therefore to be wondered at that intestinal 
troubles are very prevalent amongst the Beharis as well as amongst the Bengalis and 
Ooriyas. 
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The general conclusion arriyed at from these investigations is the urgent 
necessity for a reduction in the quantities of rice given to the prisoners, both 
in the interests of their health and from motives of economy. 

The quantity of rice in the Bengal jail diets should be reduced by 8 ozs. per 
man daily, and in Behar diets by 4 ozs. per man daily. We have no hesitation in 
saying that, in efiecting this economy to the State, the prisoners will be placed in a 
much better position as regards their nutrition, capabilities of doing work and 
general health. 

We now pass to some observations made on the effects of adding an animal 
protein to the Behari diet ; but, as the level of nitrogenous metabolism is already 
high we did not consider it necessary to go into much detail regarding these effects. 


SECTION 4. 

The effects of varying the components of the Behari diet, i.e., of 

adding an animal protein to it. 

TABLE XXII. 

Buxar Jail. 

(i) Investigations to determine the percentage of the nitrogen of mutton 
absorbed when mutton is added to a diet in which the level of nitrogenous 
metabolism is on a low scale. 

Diet 4. 

Five Behari prisoners on “ hasal diet ” for a week- 


Batch Q. J 

Jnaniity 
)f Urine* 

Fotal N. 
:>f Urine. 

Weight 
of pri- 
soners. 

N. of 
Burma 
rice. 

3S[. of 
Mung 
dal 

K of 
Mak^iai 
ata. 

H. of 
Goat’s 
flesh. 

N. of 
Vege- 
tables. 


c.c. 

grms. 

lbs. 

grms. 

grms. 

grms. 

grms. 

grms. 


f 8,640 

38-25 

124-4 

13-60 

34-59 

22-C6 

. . 

2-36 


8,880 

34-18 

124-4 

13-60 

34-59 

22-05 

. , 

2-36 

Five prisoners, Beh^^ris - 

9,130 

36'93 

124-4 

13-60 

34-59 

22-06 

. . 

2-36 


10,370 

35-27 

124-4 

13-60 

34-69 

22-06 


2-30 


i 8,720 

36-64 

124-4 

13-60 

34-59 

22-C6 

.. 

2-36 

j five men on “ basal diet ’ ’ to wMcb mutton is added. 





Diet B. 

I 






(-7,240 

47-66 

123-8 

13-60 

34-59 

22-05 

10-43 

2-36 


7»000 

42-67 

123‘6 

13-60 

34-59 

22-05 

10-43 

2-36 

Batcb Q, same five . • 

J 9,820 

46-33 

123-9 

13-60 

34-69 

22-05 

10-43 

2-36 


9,710 

44-38 

124*0 

13-60 

34-69 

22-05 

10-43 

2-36 


U,000 

44-85 

123-8 

13*60 

34-69 

22-05 

10-43 

2-36 
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Total intake — 

N. of Burma rice . 
N. of mnng dal . 
N. of makkai ata . 
'S, of vegetables . 

Total N. of intake 


Diet A. 


68*00 grms. 
172*95 „ 

110*25 ,, 
11*80 


. =363*00 


Total output of nitrogen — • 

K of urine . . . =130-27 grms 

•5 grm. of N.daily constant . = 12-50 „ 

Total 17. metabolism . , =192-77 „ 

=53-10 per cent, of N. of diet 
= 7-71 grms. X. per man daily. 


Diet B. 


Total intake same as A 
Add N. of mutton 

Total N. of intake 


— 363-00 grms. Total output of nitrogen — 

= 52-15 „ X. of urine . . . =225-89 grms. 

-5 grm. of X. daily constant = 12-50 ,, 

=415-16 „ 


Total X. metabolism =238-39 „ 

= 57-42 per cent, of X. of diet 
= 9-53 grms. X. per man daily. 

Now if we falsely assume, as has always hitherto been done in in-vestigations 
carried out to obtain the co-efficient of absorption of the nitrogen of different 
food-stuffs in European diets, that the same amount of nitrogen will be 
absorbed from the basal part of these Diets A and B, i.e., that the same quantity 
of nitrogen -will be absorbed from Diet A as will be absorbed from the basal part 
of Diet B (Diet B=Diet A-f mutton) we can, by the method employed in Europe 
and America, obtain a figure representing the percentage of the nitrogen of the 
mutton that is absorbed. 


From Diet A we get an absorption of 192-77 grms. nitrogen. 

From Diet A + mutton (B) absorption of 238-39 grms. nitrogen. 

Therefore, on above assumption — 

52-15 grms. nitrogen of mutton gives an absorption of 45-62 grms. or 87-47 per cent 
So that, on the above assumption the nitrogen of goat’s flesh is absorbed 
to an extent of 87 '47 per cent.: but, while this percentage is true for these parti- 
cular experiments, it does not hold good in other experiments where the basal part 
of the diet is made up differently- In other words, the figure representing the 
percentage of protein of mutton absorbed, obtained from experiments carried out in 
this way, depends very largely on how the basal diet is made up. The protein of 
mutton is very much more easily assimilated than is the protein of either rice, dal 
or ata ; and therefore on adding mutton to a basal diet, although we get an increase 
in the amount of protein absorbed and undergoing metabolism, the increased output 
of nitrogen in the urine is not a measure of the amount of protein absorbed from the 
mutton. It may vary in two different ways : — 

1. It may happen to be the measure of the amount of nitrogen absorbed from 
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the mutton, i.e., the amount of protein absorbed from the basal diet remains con- 
stant, whether, basal diet alone is given or basal diet jjZws mutton. From the 
evidence we have obtained this is only likely to occur when the basal diet provides 
an absorption of protein that approaches the lower limits of nitrogenous equi- 
librium, and is of a bulk less than that likely to interfere with absorption by its 
size alone. 

2. What is far more hkely to happen is that, the protein of mutton or other 
meat or fish being much more easily assimilated, the intestinal canal absorbs this 
protein readily and allows a much larger part, than when no animal protein is 
present, of the protein of the basal diet to pass out unabsorbed. We have 
already given a good deal of evidence that this is the case, and shall rest content 
with stating one example of it on the Behari type of diet. 


(ii) Investigations to determine the percentage of the nitrogen of mutton 
absorbed when the mutton is added to a diet that approaches the lower limits 
of nitrogenous equilibrium. 


fBurmarice . 
3 Makkai ata . 
I Mimg dal 
^Vegetables . 


60 ozs. 
40 „ 
30 „ 
30 „ 


Diet 1. 

Five Behari frisoners cm low nitrogenous diet for a week- 


Batch S. 

Quanlity 
of Urine. 

Total N. 
of Urine. 

Weight 
of pri- 
soners. 

N.of 

Burma 

rice. 

N. of 

ata. 

N. of 
Mung 
dal. 

N. of 
vege- 
tables. 

N.of 

goat^s 

flesh. 



c.c. 

grms. 

lbs. 

grms. 

grms. 

grms. 

grms. 

grms. 



^ 9,560 

35-75 

117-2 

20-40 

17*64 

34-59 

2-36 




7,620 

34*78 

117-2 

20-40 

17-64 

34*59 

2-36 

.. 

Mvd prisoners, Beharis ♦ 


9,820 

41*45 


20-40 

17-64 

34-59 

2-36 

.. 



9,400 

35-79 


20-40 

17-64 

34-69 

2-36 

. . 



-12,440 

43-71 

117-2 

20-40 

17-64* 

34-59 

2.36 



Diet 11= 




Burma rice 
Makkai ata 
Mung dal 
Vegetables 



-1- Goat^s flesh 18 ozs. 
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Diet II. 


Batch. C, 

Quantity Total 
of Urine, of Urine.^ 

Weight 
of pri- 
soners. 

X. of 
Burma 
rice. 

X.of 

makkai 

atta. 

X. of 
lilung i 
daL 

K.of 

vege- 

tables. 

N.of 
goaf's i 
flesh* 



rl0,530 

47-32 

123-6 

17-00 

17-64 

34-50 

2*36 

10-43 



8,600 

46-95 1 

123-8 

17-00 j 

17-64 * 

34-59 

2-36 

10-43 

Five prisoners, Beharis . 

■ 

10,790 

46-54 ‘ 

123-7 

17-00 

17-64 

34-59 

2-36 

10-43 



11,850 

46-78 

123-6 

17-00 

; 17-64 

34-59 

2-36 

10-43 



^ 9,170 

j 1 

j 48-07 

123-6 

1 

17-00 

17-64 

( 34*59 

1 

2*36 

10-43 


Diet 1. 


Total intake of nitrogen . =374:'95 grms. 


Total output — 

N. in urine 
■5 grm. N. daily 


. 191-48grnis. 
. 12-50 „ 


Total IsT. metabolism . . . 203-98 

= 54-40 per cent, of N. of diet 
= 8-15 grms. of llT. per man daily. 


Diet II. 

Total intake of nitrogen . =410-10 grms. Total output- 
s'. of urine .... 225-66 grms. 
-5 grm. daily .... 12-50 „ 


Total S', metabolism . . . 248-16 „ 

=60-51 per cent, of ST. of diet 
= 9-92 grms. of S', per man dmly. 

From these investigations we see that — 

from Diet 1 203-98 grms. of nitrogen undergo metabolism, 
from Diet II 248-16 grms. of nitrogen undergo metabolism 
no-w Diet II is made up of Diet I + 16 ozs. of mutton +10 ozs. of Burma rice, 

and we know from ptevions work that a diminution of 10 ozs. of Burma rice in a 
diet of the above type makes very little difference in the amount of nitrogen 
absorbed, particularly when the diminution of nitrogen in rice is counterbalanced 
by a more easily absorbed nitrogen in tbe form of meat. We may, therefore, take 
it that the increased output is largely due to the presence of mutton in the diet. 
Therefore 248- 16 grms.— 203-98 grms.=44-18 grms. is practically derived from 
62' 15 grtna- N. of mntton=about 84*71 per cent, of the F. of mutton absorbed. 

X 



154 


This is fairly close to the result already obtained in the previous investiga- 
tion, and would probably be still closer if we could make allowance for the effect 
•of the diminution of the Burma rice of the diet by 10 ozs. per day for the batch 
of five men. 

We therefore find from this line of experiment that the addition of a certain 
small amount of animal diet does cause a large increase in the absorption of 
nitrogen from the diet. But, as we shall see in the next observation, this increase 
is by no means constant even for the addition of the same amoimt of meat, and 
that it also depends largely on the composition of the “ basal diet ” to which the 
meat is added. 


(iii) Investigations to show that the increase in the amount of nitrogenous 
metabolism may be no real measure of the amount absorbed from a highly assimilable 
form of protein which has been added to a “ basal ” diet.! 


Thus, baking the diet — 

Burma rice 
Wheat ata 
Mnng dal 
Vegetables 


40 ozs. 
50 „ 
30 „ 
30 „ 


as the basal diet 
for five Behax 
prisoners, 


we have seen by Table XI, Diet V, that this diet affords an intake of 391*50 
grms. nitrogen of which 233*73 grms. nitrogen are absorbed. 

Now to this “ basal ” diet were added 16 ozs. of goat’s flesh when the 
following results were obtained : — 


Batch P. 

Quantity 
of Urine. 

Weight. 

Total H. 
of Urine. 

K of 
Burma 
rice. 

isr. of 

Mung 

dal. 

K of 
Wheat 
ata. 

K of 
Vege- 
tables. 

K of 
Goat’s 
flesh. 



c.c. 

lbs. 

grms. 

grms. 

grms. 

grms. 

grms. 

grms. 



f-7,820 

117*8 

48*51 

13*60 

34*59 

27-76 

2*36 

10*43 



8,100 

117*7 

50*22 

13*60 

34*59 

27-75 

2*36 

10*43 

Five prisoners, Beharis 


9,930 

117*8 

47*54 

13*60 

34*59 

27-76 

2*36 

10*43 



10,480 

118*0 

49*65 

13*60 

34^59 

27-75 

2*36 

10*43 



-8,500 

117*8 

48*99 

13*60 

34*49 

27-76 

2*36 

10*43 


‘Total intake of nitrogen. = 443*65 grms , Total output — 

N. of Urine . . * =244*91 grma. 

. -Sgrm. daily . . . == 12-50 „ 


Total IT. metabolism , , ss:257*41 

267‘41 grms.— 233*73 grm3,~23*68 grms. is all that would appear to be ab^ 
eorbed from 62*16 grnm. of nitrogen in the form of mutton— only 45*40 per cent, 
its nitrogen, which is absurd. 
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What has happened is that more of the protein of the wheat ata, rice and 
dal has passed out unabsorhed which causes a seemingly yery low absorption of the 
protein of mutton. In order, therefore, to be able to show by this method anything 
like a normal absorption of an animal protein when added to a purely vegetable 
diet, the bulk of the diet must not interfere, and the level of nitrogenous absorption 
from the vegetable part of the diet must not be high. 

Summary of Section 4. 

There is no necessity to add an animal protein to a diet of the Behari type. 
The level of protein metabolism is already high, fully two grammes of nitrogen 
superior in the case of the wheat diet to that of prisoners in Lower Bengal, and we 
do not consider it necessary to further increase it. On the other hand, if arrange- 
ments could be made for the substitution of fish twice a week in place of part of the 
dal and ata, we believe it would be to the advantage of the prisoners’ health. This 
we would only recommend for prisoners in those jails where a local supply of fish is 
easily and cheaply obtainable. In Buxar and Bhagulpux jails it would be a fairly 
simple matter to have a supply of fish procured by prison labour from the Ganges 
which is within easy distance from the jails. If this could be done an economy 
could be effected by the saving of the dal, wheat or makkai ata twice a week, and, at 
the same time, the monotony of the prison fare would be relieved. We think that 
the suggestion is important, more particularly for the large central jails where long- 
term prisoners are confined, and where plenty of cheap labour is available. 

If it were found feasible we would recommend that the wheat or makkai ata be 
reduced in proportion to the amount of protein available from the fish. 

Also the question of the quantity of dal must be taken into consideration. W e 
have shown 6 ozs. of dal to be the maximum amount that can be given ; but there 
is no necessity to give this maximum. Eeference to Tables XX and XXT will 
show that, with the amount of dal reduced from 6 ozs. to 5 ozs. the protein 
metabolism of the prisoners is on a higher level than obtains when the full quanti- 
ties of the constituents of the present diet is consumed. Further, there is no 
doubt that dal in any form has a decided tendency to produce diarrhoea and 
intestinal disorders, and that the 6 ozs. of the jail diet is a far larger quantity 
than is consumed by the civil population of the district. 

We would, therefore, recommend a diet of the following types : — 

I Bunna or coimtiy rice , , . .12 ozs. 

Wheat ata 10 „ or makkai ata 12 ozs. 

Different dal in use . . . . 6 „ 

Vegetables , . . • . • • 0 „ 

This might be looked on as the general scale of Behari diet, 

X 2 
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With fish available, if it be found economical we would suggest that 6 ozs. of 
fish be given twice a week, replacing 2 ozs. of wheat or makkai ata and 1 oz. of dal. 


Thu sugoebted soax.bs. 

General diet. Diet on two days a week. 

Burma or country rice . 12 ozs. Burma or country rice 12 ozs. 

Wheat ata . . 10 „ Wheat ata . . 8 „ 

or or 

Makkai ata . . . 12 „ Makkai ata . . 10 „ 

Various dal available . 5 „ Various dal available . 4 „ 

Vegetables . . . 6 „ Bish . . , 5 „ 

Vegetables . . 6 „ 

The general diet offers in round numbers : — 

Protein 93 grms. 

Carbohydrate 650 „ 

Pat 32 „ 


which is superior in practically all its constituents to the dietary of Lower Bengal, 
and, being partly made up by wheat, is very much more assimilable. The impor- 
tant part, however, is that the protein absorption obtainable from this diet is a 
good deal higher than that from the full Behari diet at present in force ; so that less 
residue remains to provide for micro-organismal growth. The carbohydrate 
element is still too high for natives of a hot climate from whom hard labour is 
not" demanded ; nevertheless, it is decidedly superior in this respect to the ordinary 
jail standard. If the suggested supply of fish meets with approval it will cause a 
reduction of the carbohydrate to more nearly a proper amount and, at the same 
time, increase the percentage of assinoilable protein very considerably. 

We need hardly say that, if it is decided to add a little animal protein to the 
diet, and fish is not available, goat’s fliesh will do equally well. The expense of 
this, however, we are afraid will be considerable, if not entirely prohibitive. 

The fiish diet two days a week offers in round numbers : — 

Protein ........... 100 grms. 

Carbokydrate 480 

Jat 30 r, 

a very superior diet, as a high percentage of its constituents is assimilable. 

Nothing now remains with regard to the work done on the nutritive value of 
the dietaries of Lower Bengal and Behar jails, but to discuss a few of the questions 
that have cropped up during the enquiry— these we have tabulated under Section 
(6)~pand to give our general conclusions. 

We shall now take up the relative -value of the different forms of food-stuff 
in use. 
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SECTION 5. 

(i) Belative value of Burma and Country rice. 

This subject mil he found referred to in the work recorded on prisoners in the 
Presidency jail, Calcutta, and Buxar jail. 

In the Presidency jail, Calcutta, where the prisoners have been getting Burma 
rice only from the time of their incarceration, the protein absorption from the 
difierent diets containing Burma rice was on the average higher than that observed 
in Puri jail, where locally grown rice was always in use. 

Purther, on placing two batches of prisoners in the Presidency jail on abso- 
lutely similar diets, but replacing the Burma by country rice, there was a distinct 
fall in the actual amount of protein absorbed from the diet. Thus a batch of 10 
healthy Bengali prisoners on a diet of Burma rice, mixed massur and arhar dal and 
vegetables, gave an average nitrogenous metabolism of 7'60 grms., while the same 
prisoners under exactly the same conditions, save that country rice replaced the 
Burma rice, showed a fall in nitrogenous metabolism to just 7*00 grms. 

This would appear to mean that the protein of Burma rice is more easily ab- 
sorbed than that of country rice — at least in those who are accustomed to its use. 

On the other hand, we have given evidence that in Behar jails the coimtry 
product is accompanied by the better protein absorption — see comparative Charts 
IX and XIII. There were other factors, however, to be taken into consideration, 
so that the difierence in the rice may not be the whole explanation of the better 
absorption from diets containing country rice. 

We are inclined to believe that to those accustomed to it, the Burma variety 
is distinctly superior to the country rice as placed on the market. We think that 
a good deal of the inferiority of country rice is due to its very dirty condition, and to 
bad cleaning. There is no doubt, however, that the prisoners prefer the home- 
grown product, ard, as we have seen, this is an asset not altogether to be neglected. 

That Burma rice, when properly treated, is just, as likely to maintain 
the prisoners in health as' is the Indian variety, is shown by the health returns of 
prisoners in the Presidency jail, Calcutta, where nothing but Burma rice has been 
used for the past three years. From our results as to its relative nutritive 
value we bave no besitation in recommending the more extensive use of Burma 
rice in Bengal and Behar jails. 

(ii) The relative value of the different dais. 

We have practically nothing to add to what will be found under the work re- 
eorded in Tables II. Ill and XHI. Given in what we have caUed the optimum 
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quantity, there appears to be very little difierence in the amount of protein absorp- 
tion from diets containing different dais, with the ezception of gram dal. This con- 
tains a much lower percentage of protein than the other tjrpes, and its protein does 
not appear to be so easily absorbed. Any difference that exists in the protein 
absorption of the different dais is, in all probability, due to a difference in the 
relative difficulty of thoroughly cooking them. 

The cooking of dais and of the different constituents of the dietaries is a most 
important question, and one we have been unable to touch ; but there can be 
no doubt that the very deficient protein absorption from the jail dietaries is 
intimately connected with the way in which the food is prepared. , 


(iii) The relative values of wheat and makkai ata. 

The relative values of these two food-stuffs have already been Miy discussed. 
When Isi ozs. of makkai ata are given in place of 10 ozs. of wheat ata we found that 
it made an average difference of about one gramme of nitrogen in the amounts 
absorbed from the two diets with varying quantities of rice. This works out to 
oyer 10 per cent, of a decrease in the level of nitrogenous metabolism. When 
equal quantities of makkai and wheat ata are given in substitution for one another 
(Buxar jail) we saw that the level of protein metabolism was decreased 1’6 grms. 
on the average, the makkai ata being used with varying quantities of rice. On 
contrasting, however, the proportion of protein of makkai with that of wheat 
ata, in a diet containing 10 ozs. of each, we obtain a full explanation of the lower 
absorption from makkai ata ; the protein of makkai ata is to that of wheat ata as 
9*66 : 12*24:, i.e., as 1 : 1*2, and we found that under the same conditions the average 
absorption from a diet containing makkai was to that of a diet containing wheat 
as 8*03 : 9*69, i.e., as 1 : 1*2 (see Charts III and V). 

It follows from this that the protein of makkai ata is, under the same condi- 
tions, as well assimilated as that of wheat ata. This is an important result, 
as it is generally stated that makkai is much less easily absorbed than wheat ; how- 
ever, our investigatious do not bear out that contention, but show, on the contrary, 
that practically the same percentage of the protein of the two food-stuffs is 
absorbed when they are given under the same conditions. 

The fact that the ratio of the percentages of the protein of Tnakka.i ata* and 
wheat ata tallies with the ratio of absorption of those proteins affords a valuable 
check on the accuracy of the figures on which the charts are founded. 

We present on Chart XIY composite curves obtained by averaging the result® 
of the investigation carried out in Buxar and Bhagulpur jails on diets of makkai 
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and wteat ata, when the rice was in varying quantities in the several diets. 
This chart shows very clearly the relative value of maldcai and wheat ata, so far 
as protein absorption is concerned, makkai being given in quantities of 11 ozs. 
and wheat ata in quantities of 10 ozs. Both curves present the same features in 
almost every detail, showing the gradual rise as the rice is increased from 8 to 
10 ozs., the sudden increase in protein absorption from 10 to 12 ozs., and the 
typical fall after the amount of rice has been increased beyond the optimum. 
The point on the chart for 14 ozs. is calculated ; as in Bhagulpur jail this figure 
was irregular from a fall in the amount of makkai ata consumed. 


General summary of results obtained. 

1. We have shown the worth of the dietaries of Bengal in grms. of proximate 
principles, and pointed out that their real nutritive value is very difierent from 
their apparent worth. The chemical values of the diets in round numbers are, in 
protein, for Lower Bengal diets 93 grms. and for Behar 106 grms. ; the real nutritive 
value for Lower Bengal is 49 grms. and for Behar 60 grms. In other words a little 
over 50 per cent, of the protein is absorbed from the dietaries when given in full 
quantities. 

2. We discussed the causes of this low absorption and have shown that one 
important factor in retarding the metabolism of protein from the full diet is bulki- 
ness, affecting both types of diet. 

We brought forward much evidence to show that a mere decrease in the bulk 
of the diet was sufficient to permit of a greater relative and absolute absorption 
of protein ; and, working with varying quantities of the different food-stufe, we 
gradually worked out the amount of each food-stuff that should be given in a diet, 
in order that the absorption from that diet may beat a maximum — this we called 
the optimum amount. 

For diets of the Lower Bengal type the optimum quantity of rice we found 
to be 18 ozs. and of dal 5 ozs. (about) per man daily. 

In Bebari diets the optimum amount of rice ia 12 ozs. 

„ „ „ „ wheat ata 10 ozs- 

„ „ „ „ makkai ata 12 ozs. 

„ „ „ „ dal 6 ozs. 

We showed that the absorption from the diets, in which the food-stuffs were 
eomhined in the proper quantities, was very much superior to that of the present 
scales of dietaries ; also that the percentage absorption was very much higher— 
a great gain, as a much lessened amount of nitrogen remains to undergo intestinal 
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putrefaction. Further, we showed that, by giving the several food-stuffs in the 
quantities which we suggest, the acknowledged excessive carbohydrates of the diets 
are brought down to more nearly physiological amounts, and that the intestinal 
juices are given a fair opportunity of discharging their duties, so that intestinal 
fermentation will be checked and a better absorption of carbohydrates will be 
obtained. If we had any means of investigating the metabolism of carbohydrates 
we should, in all probability, obtain a curve very similar to that given in Chart II 
which shows the actual absorption of protein from diets containing different 
quantities of rice. It is quite fair to assume that the conditions present in the 
diets that entail so defective an absorption of protein will also tend to prevent 
the full value of their carbohydrate elements being made use of. These condi- 
tions will remain in force until the food has passed those parts of the intestinal 
canal where absorption of both protein and carbohydrates is possible ; but, 
having arrived at the large bowel, the carbohydrates axe rapidly broken down 
by fermentative processes, and their potential energy is dissipated, so that 
estimation of the carbohydrates passed out in the fseces is of no value as a 
criterion of the percentage of that element wasted and lost to the economy. 
This is not the case with the protein element, for the nitrogen left over from 
absorption must pass out in the fseces in some nitrogenous form, either inorganic 
or organic, as, for instance, in the form of organised micro-organisms, for whose 
growth it forms the essential pabulum. The estimation of the nitrogen of the 
fseces, therefore, gives a true indication of the amount of residual waste from 
the protein of the diet. We have confirmed our results by this method particu- 
larly in the cases of Presidency jail, Puri jail, and Midnapore jail. 

We have given graphic records of the effects on protein metabolism obtained 
from diets providing varying quantities of the different elements when aff but 
one constituent of the diet remained constant. In this way, we have been able 
to plot out the curves of the absorption of protein for different types of diets. 
In all these investigations we worked with the diet as a unit, and did not accept 
the assumption that there would always be the same actual absorption from the 
‘ ‘ basal ’ ’ or our ‘ ‘ constant ’ ’ part of the diet, with varying quantities of the food- 
stuff under investigation. In fact, we have shown that the above-mentioned 
assumption, while practically trne for diets of the European type where an average 
of 90 per cent, of the protein is absorbed, does not hold good for dietaries of the 
Bengal type. It is not possible to work out an absorptive protein co-efiB.cient for 
the several food-stuffs, and find that this percentage of its protein will be absorbed 
under varying conditions. We find, on the contrary, that the absorptive co- 
efficient taries more or less inversely with the bulk of the diet, and with the 
amount of vegetable protein present in the diet ; and it is only after a great 
reduction ip bulk, and in diets whose protein metabolism approaches the lower 
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physiological liroits that the addition of more of a food-stiiS will show an increased 
protein absorption corresponding to a co-efficient of absorption similar to that 
obtained in European types of diets. 

A great deal of work has been done on the effects of adding wheat ata or an 
animal protein to the Lower Bengal dietaries and an animal protein to the 
Behar diets. 

These effects we have fully discussed in the summaries of the sections dealing 
with them and we have nothing more to add on this subject, 

3. We have stated that, while the addition of an animal protein is not by any 
means essential, at the same time there is little doubt that, if it were econo- 
mically possible thus to permit of a reduction of the amount of dal in both Lower 
Bengal and Behar dietaries, the general health of the jails would improve. From 
investigations on the microscopic compositions of the fseces it would appear that 
the dal granule is the most difficult of aU to break down, and that the slightest 
lowering of the general health is usually accompanied by the passage of undigest- 
ed dal. This has clearly been shown by Lane* in the microscopic exaroination 
of the fseces of prisoners for intestinal parasites ; the presence of more or less 
harmless parasites being sufficient to cause the passage of large quantities of 
unchanged dal granules. It is easy to replace part of the dal in Bengal jails by 
wheat ata without increasing the cost — ^andthiswe have recommended. But in 
Behar jails the amount of wheat or makkai ata is quite sufficient and cannot be in- 
creased with good effect. The only way, therefore, of being able to reduce the dal is 
to give some form of animal protein, and we have suggested fish. It would only 
be necessary to do this in the large central jails where long-term prisoners are 
confined, and in the two central jails that we examined fish should be easily pro- 
curable at little over the cost of prison labour, if proper arrangements were made. 

These changes in the feeding of prisoners would require to be carefully con- 
sidered from the standpoint of cost before being generally introduced. However 
with regard to the other suggestions put forward there need be no hesitation. 
The quantities of rice in the Bengal and Behar diets must be reduced ; the former 
by 8 ozs. and the latter by 4 ozs. per man daily. 

We are very strongly of the opinion that 6 ozs. of dal is far too great a quantity 
and should like to see it reduced to 4 ozs. in both types of diet ; this can be don© 
easily in Lower Bengal by replacing it by a corresponding quantity of wheat 
ata^ or wheat ata and fish in those jails where it is found more economical to give 
fish on two days per week or oftener. In Behar jails, particularly in the large 
central jails, we hope that it wifi be possible to give fish twiceaweek in 
order that the excessive amount of dal necessary may be further reduced. 

' ' Parasites^ 

''' ■ X ^ 
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If this be not feasible we strongly recommend that the 6 ozs. of dal be 

reduced to 5 ozs. per man daily. 

The dietaries we recommended would, therefore, be . 


I —Lower Bengal Jails. 


Rice, Burma or country . 

Dais, various kinds available 
Wheat ata . . • • • 

or 

Fish in place of wheat ata twice a week 
Vegetables 


, 18 ozs. 

. 4 „ 


II.~Behar Jails. 




On two days 



a week. 

Rice, Burma or country .... 

. 12 ozs. 

12 ozs. 

Wheat ata *.•••• 

. 10 „ 

8 „ 

or 



Makkaiata 

. 12 „ 

10 „ 

Dais, various kinds available 

. 6 „ 

4 „ 

Vegetables ...••• 

. 6 „ 

6 „ 

Msh or goat’s flesh . . . * • 

. . . 

5 „ 


[ Ee salt— see iater.] 


The usual condiments, etc., as at present in use. 

4. We have discussed these diets from the standpoint of the interests of the 
prisoners, and have brought forward evidence to show that the suggested changes 
are entirely to their advantage, and to the benefit of their general health. This 
we consider is the all-important consideration, as it would be no saving to the 
State, to look at the problem from the economical point of view alone, if a reduc- 
tion in the cost of dieting were made, and it entailed greater sickness or any lower- 
ing of the general health. Fortunately, in this matter the interests of the prisoners 
and of the public, who have to pay for the prisons, are not at variance, for 
we are able to suggest much superior types of diet which will cost the State 
less than at present. 

The general effect of our suggestions would be to decrease the quantity of 
rice all over Bengal by 6 ozs. per man daily. The other changes from the point 
of view of cost may be neglected, as the addition of wheat ata would counter- 
balance the decrease in dal in Lower Bengal ; however, if fish were procured by 
prison labour there would be a distinct gain in both Bengal and Beliar. On the 
whole there would be a saving of one-fourth the cost of all the rice consumed. 
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Erom data supplied by jail ofiSicers we find that rice costs od an average one 
anna per man daily, so that there should be a saving of 3 pies on each prisoner 
per day. Calculating on a basis of 16,000 prisoners in Bengal, from rice alone 
this would work out at a saving of over three-quarters of a lac of rupees yearly. 
Besides this, if our suggested means of obtaining fish were possible, there would 
very nearly be a similar saving on dal, wheat and makkai ata. 

The details would require to be worked out with regard to local conditions, 
but we have no doubt that in most of the central jails, and in many of the smaller, 
fish could be cheaply obtained. On the whole there would certainly be a lac of 
rupees saved every year— and probably much more, if the diets which we have 
shown to be much superior in every detail to the present standards were 
introduced. 

5. With regard to the cooking of these vegetable food- stuffs we have not 
been able to make any observations ; but from the evidence afforded by other 
observers we would recommend that the dal be ground to meal before being 
cooked. We hope to be able to make some investigations on this important 
subject later. As already mentioned, lentils given after soaking and boiling show 
over 40 per cent, of the protein unabsorbed ; whereas when ground to lentii meal 
only from 8 to 10 per cent, of the lentil protein passes out in the faeces. 



CHAPTER III. 

Report on six months’ use of special diets in Puri Jail, 

By the end of 1908 we had obtained imdoubted evidence of the beneficial 

effect of a reduction of the hulk of the ordinary jail diet on the level of 
protein metabolism *, it was therefore necessary to determine whether such a 
reduction would be accompanied by a maintenance in the standard of the 
prisoners’ health and their physical condition. "With this object in view it 
was decided, in consultation with the Officiating Sanitary Commissioner with 
the Government of India — Lieutenant-Colonel "W. J. Bamber, I.M.S. and 
the Inspector-General of Prisons, Bengal— Lieutenant-Colonel W. J. 
Buchanan, I.M.S.— to place all the prisoners in Puri jail on diets in which 
the bulk had been considerably decreased. This arrangement was carried out 
over a period extending from the beginning of January to the end of July 
1909. 

T his experiment of some six months’ duration is not really of much value 
in determining the effects of the lessened diet on prisoners over long periods, 
as Puii being a District jail few of the prisoners remained for more than 
from one to two months. It shows, however, the effects of the diet on 
the new admissions and on those prisoners under confinement when the 
experiment was begun : by a comparison of the results thus obtained with 
those of the same period in previous years, we are able to form a fair idea of 
the effect of the reduction of the bulk of the ordinary jail diet. 

The prisoners were divided into two classes of a nearly equal number of 
prisoners in each. One class was given a diet composed of — 

Class A. 

Eice . . .18 ozs. Ksh . . 4 ozs. 

Dais . . . 4 „ j Vegetables . , 6 „ 

The other a diet composed of — 

Class B. 

Eiee . , .18 ozs. Wheat ata . .4 ozs. 

Dais . . . 4 „ Vegetables . , 6 „ 

A batch of five men were selected from each of these two classes at the 
beginning, in the middle and at the end of the experiment : these batches wesce 
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placed on accurately weighed diets given as above for classes A and B, and the 
amount of nitrogen undergoing metabolism estimated. The figures obtained will 
show that practical identical amounts of nitrogen were absorbed from the diet 
of class A during the different periods, and from that of class B during the 
different periods ; thus again proving that the level of nitrogenous meta- 
bolism is dependent on the quantity of absorbable protein offered in a diet, 
and not affected, at least to any great extent, by the time during which an 
individual has been on that diet. 

The work done in estimating the degree of nitrogenous metabolism 
present during these periods also shows how very marked an influence a 
diminution in the quantity of rice and dal and a substitution for them of a 
certain amount of wheat ata or fish, has in raising the relative and actual 
percentage of protein absorption. 

We shall first give an account of this work and then analyse the figures 
collected to show the effects of the diets. 


Puri Jail. 

Investigations to establish the level of protein metabolism at the beginning and at the 
end of the six months’ experiment : the two classes A and B of prisoners having 
been kept on their respective diets continuously during the whole period. 


TABLE XXIIa. 


Class A. 

Diet. 

Five Ooriy a prisoners observed over five consecutive duys^ 


ht Period j January 1909, 


Total Nt of intake == 3257 grms. 


^nd Period, July 1909. 


Total N* of intake = 313*36 grms* 


Country rice • . * , . 20ozs* 

Mixed dal . » . , . . 4 ,, 

Fish . . . . t . * 4 

Vegetables • , * . • 6 

Total nitrogenous metabolism = 240*01 gnns* 

=73*69 per cent, of the total N. of the diet. 
=9*60 grms. N. per man daily . 


Country rice 
Mixed dais 
Fish . * 

Vegetables 


18 ozs. 
4 ,, 


6 


Total nitrogenous metabolism = 238*13 grms, 

= 75*99 per cent, of the total N, of the diet, 
= 9*52 grms. of N. per man daily. 
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Class B. 

Diet. 

1st Feriod, January 1909. Country rice . . . -20 ozs. 

Mixed dais . . • . 4 „ 

Wheat ata • . . • 4 „ 

Vegetables . . . . 6 „ 

Total N. of intake=296‘30 grms. Total nitrogenous metabolism = 3 04’70 grms. 

= 69'00 p. c. of the total N. of the diet. 

= 8‘19 grms. of N. per man daily. 

Snd Period, July 1909. Country rice . . . .18 ozs. 

Mixed dais . . . . 4 „ 

Wheat ata . . . . 4 ,, 

Vegetables . . . . 6 „ 

Total N. of intake=396‘30 grms. Total nitrogenous metabolism=303'78 grms. 

= 68'77 per cent, of total N. of diet. 

= 8'15 grms. of N. per man daily. 

Collating these results we find — 

(i) With the fish diet an average metabolism of nitrogen of about 9'5 
grammes per man daily ; 

(ii) With the ata diet an average metabolism of nitrogen of about 8’1 
grammes per man daily ; 

which is to be contrasted with the degree of nitrogenous metabolism attained 
on the ordinary jail diet, and which we have seen to be, for Puri prisoners, 7’4i 
grms. per man daily. Purther, the percentage absorption of protein is greatly 
increased by the change, mz., from 60 per cent, to quite 74 per cent, with the 
fish diet and to 69 per cent, with the wheat ata diet. 

W e therefore see that the level of nitrogen exchange can be greatly raised 
and the percentage of protein absorption immensely increased by a very simple 
change in the ordinary jail diet, and that, by the change that we have suggested 
a good deal of tiie excessive carbohydrate of the jail diet will be got rid of 
at the same time. 

We shall now examine the evidence we have been able to collect as to the 
effect of these dietary changes on the health and general well-being of the 
prisoners under observation. 

The first effect of the reduction of the bulk of the diet was to cause a 
certain amount of grumbling on the part of the prisoners, particularly those in 
class A, on the fish diet. This went on for a few days but in a very short time 
the stomach became accustomed to the diminished bulk and the feeling of 
emptiness complained of disappeared. This is all the more remarkable in 
Ooriyas as they are the only people we have come across who are able to 
consume consistently the full jail ration. Those in class B, on the wheat ata 
diet, never complained much, probably on the whole less than they do on the 
full jail diet. The period of the experiment was too short to draw any conclu- 
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SMkiusMMn^h Tliere were Tory few cases o£ sickuess 

eite oZ 4° !r' ™"“Sst the prisoners in 

iviwl 'I'^y strength of 

ae prisoners were on these modifled diets the total admission into hospital 
were on a weiy maoh lower scale. While this is statisfactory, so far as it 
o s no conclusions can be drawn from it, as the sickness rates varv Terr 
much from year to year quite independent of the diet 

The only means of contrasting the results of the change that gires auv teal 
rn^ure of companson is its effects on the body-weight, and eren this is apt to 
^ diets liad only been given to prisoners newly 

!“r boiy..eIg]xt acted, a comparison witlx the 

results of former years would have beea of value; but we had to place the 

0 a prisouera of the jail on the diets aud the number of new admissions was 
too small to afford conclnsiTe evidence. 

It is well-known that prisoners on first admission increase in body-wei-ht 
to a very marked extent. ^ 

Thus the percentage of those who increased in weight during the year 1907 
was 68 and in 1908 was 63-8 in the jails of Bengal. In 1908, 62 per cent, of 
the j>risoners in Puri jail increased in body-weight. 

We have by a comparison with these figures a means of measuring the 
results obtained from the change of diet. 


Class A. 

Ms7i Diet. 

(i). Total prisoners on this diet for a period up to one month=165. 

Of these 94 increased in weight by an average of £-6 ibs 

” « 55 decreased j.g 

It) remamed stationary, 

=:56 per cent, gained in body- weight* 

(ii). ToM prisoners on this diet for a period up to two months =104!. 

Of these 64 increased in weight by an average of S’6 lbs. 

„ „ 19 decreased ,, “ „ o.i it ' 

„ „ 21 remained stationary. ” 

— 61 per cent, gained in body -weight. 

(iii). Total prisoners on this diet for a period exceeding two months=31. 
Of these 20 increased in weight by an average of 4-3 lbs 
„ « 6decr^sed„ 2*0 lbs.' 

^3 0 remained stationary. 

= 64 per cent, gained in body-weight. 

That is, for the usual period during which prisoners are retained in a small 
district jail, like Pur^ jaU, the percentage of those showing an increase in body- 
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weigM is qmte up to the ayeruge eveu yAm the iu 

oousideiahly ^ “Mei to the diuly rato^ This is 

tlie amount of dal— but -wben 4 ozs. o is vneets alltbe physiological re- 
strong eridence that the new ^et S t wenoL exchanges is 

,^hrements of the body. We know that and the 

very greatly raised, the excessive cai ° ^ decreased by the substitu- 

percentage of nitrogenous resicue in e ^ xi Code* the whole ten- 

r " ft: — - “ 

diet scales whiA a.e has^ ou popes physso- 

logical and rational principles. 


Class B. 

Wheai Ata Diet, 

(i). Total piisouers ou ftis diet te a period up to oue mouth=240. 

01 to 188 moreiaed i. weight by a« a,e»ge rf M lb». 

55 decreased 33 ^ a j? 

47 remained stationary. . , , 

'' '' =57 per cent, gained m body-weight. _.aq ‘ 

(iiV Total prisoners on this diet for a period up to two moEths_9 . 

Of these 60 ineisesed in weight by an a«iage of « lbs. 

%% decreased ,, jy 

„ 17 remained stationary. - . , , 

= 60 per cent, gamed in body-weight. 

(iii). Total prisoners on this diet for a period exceeding two month8_2o. 

Of these 16 increased in body-weight hy an average of 4 8 bj 
5 decreased „ ,, « » » » ” " 

4 remained stationary. 

” ” = 64 per cent, gained in body-weight. 

These results show that with a diet in which 4, oas, of wheat ate replaces 8 <m. 
of rie?rd7oss. of dal of tee ordinary jail diet, the percentage of pr^ners who 
wain in hody-weight is actuahy higher than is found to he tee case on tee jrf ^ 
Bmmmv “We may conclude from the evidence obtained from 
cxpeSit L a dJinntion in the hulk of the preset t^e of duet ^ 
urLitly caned for, and that by the substitution of a more assmiteHc form of 
prLin^in the form of fish or wheat ata for the excess of rice and dal, the general 
r^Tcirgld physical condition of tee prisoners will he inere^ed and pl^d 
on a higher level The results also 

as we have soggestod, can be quite simply and easUy earned orfs “ 

aveiw^orttime, the early feeling of emptiness complained of passes away, 
tbe dilatation of the stomach so commonly met with in a nce-eating peop 
becoming distinctly diminiiied. * 



CHAPTER IV. 

The effect of the large quantity of salt given, in Bengal Jails dietaries. 

The quantity of salt given in the diet scales of Bengal jails is ifth of an 
ounce which, when added to the salt contained in the food materials, brings the 
total up to well over an ounce or about 30 grms. of salt in the daily diet. It will 
be readily admitted that this is an excessive quantity and much beyond the 
physiological needs of the body. 

Von Noorden states that probably the presence of as little as 3 or 4 grammes 
of salt in the daily diet is a sufficient protection against the loss of chlorine ; and, 
so long as the chlorine supply does not fall below this, the decrease in the 
amount excreted in the urine will correspond to the diminished intake by the 
mouth. In recent years, due mainly to the researches of Widal, the question of 
salt in the diet has become a very important one, more particularly in connection 
with the causation of oedema from kidney disease, disturbances of the circulation, 
and even cirrhosis of the Ever. It is generally admitted that by controlling the 
proportion of sodium chloride in the diet, the oedema of Bright’s disease can be 
made to appear and disappear — ^a dechlorinated diet causing the oedema to 
disappear ‘in a comparatively short period. At the recent German Medical 
Congress, on the discussion of Widal’s paper it was conceded by aU that 
the symptoms of anasarca are due to retention of chlorides in the tissues. 
Burther, Dr. Magnus-Levy pointed out that, although the anasarca caused 
by cardiac disease and cirrhosis of the liver is of a mechanical nature, and not 
due to any impermeability of the kidneys to chlorides, he found that in these 
conditions also a dechlorinated diet has the efiect of reduciug the dropsy. 

Mendel in a most instructive paper on “ Salt-poor Diet as a Systematic 
method of treatment ” published in the Mmchener medizimsche WocJienschrift, 
March 1909, discusses this subject in the light of recent experimental researches. 
He shows that even normal amounts of salt in the diet increase the fluid in the 
body from 1 *6 to 3 litres, and that an excessive intake of salt may entail retention 
of salt and water even in healthy individuals with sound kidneys. The healthy 
organism tolerates this excessive amount of fluid without much sign of disturbance, 
but there is transudation and exudation whenever the vessels are damaged from 
any cause. The effects of hydrsemic plethora, from salt accumulating with its 
accompanying water, is shown to be peculiarly striking in various skin and serous 
affections, especially in inflammations accompanied by exudations of serum throu^ 

169 



170 


the altered vessels. He finds that retention of salt and water not only alters the 
•cHnical picture of inflammation, but has a more or less injurious influence on its 
course. If the serous membranes are involved in the inflammation there is greatly 
increased effusion. 

In inflammation generally the effusion is reabsorbed the more rapidly the 
less the salt taken in the food. The reduced proportion of salt leads to a power - 
M osmotic current from the tissues out into the blood and increases the diuresis, 
which further reduces the pressure in the interstices of the tissues, and this in turn 
favours reabsorption of the morbid effusion. Mendel describes striking cases to 
show how the course of a burn can thus be modified, also eczema, epididymitis, 
joint affections, venous thrombosis and arterio-sclerosis. 

The whole bearing of the results of recent research on the salt question is to 
show that, when given in quantities above the physiological limits, salt is retained 
in the tissues ; and, as it cannot be retained as crystals of sodium chloride, but 
■only in a more or less isotonic solution, water to form that solution must also 
be retained in proportion to the amount of salt stored up in the body. The result 
is a more watery condition of the tissues of the body and, therefore, an increase 
in body- weight. Marey and Widal’s experiments have clearly demonstrated thes e 
results in healthy individuals whose kidneys were quite permeable to chlorides. 
Now, so long as the tissues are healthy and uninjured no sign of this water-logged 
■condition appears beyond the increase in body-weight ; but, if for any reason 
injury is received, no matter what form of injury it may be— the water-logged 
tissues react to a much greater degree than would normal healthy tissues. If, 
at the same time, the kidneys are diseased the hydrsemic plethora results in 
•oedema, but long before any visible signs of oedema appear careful daily 
weighing will reveal a steady gain in body-weight. Much work has now been 
recorded showing the marked antiphlogistic and absorbent action of a salt-poor 
diet, and the favourable influence exerted on acute inflammatory processes by 
limiting the salt intake to as great an extent as possible. 

We refer to these researches to show that the quantity of salt given in the 
■daily food is not a matter of little importance but, on the contrary, that it may 
influence in a very unfavourable manner the ordinary ailments or diseases pre- 
valent amongst the prisoners of Bengal jails. This is a side of the question we 
have had no opportunity of studying, but there is little doubt that careful ob- 
servation would confirm the claims of Widal, Marey and Mendel and extend the 
list of morbid conditions in which limitation of the salt intake forms a most useful 
adjunct to the ordinary methods of treatment. 

We shall now deal with our investigations on the effects of the large salt 
intake sanctioned for the prisoners of the jails of Bengal. ■ 
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It may be accepted witb. regard to salt metabolism that, like protein, its level 
is determined by supply — ^with this difference that, whereas protein may be very 
defectively absorbed, salt is under ordinary circumstances almost completely ab- 
sorbed by the intestinal tract. There is a widespread belief that, in consequence 
of man’s habit of consuming an estravagant amount of salt, a certain superfluity 
of it remains in the body. How large this excess from salt consumed may be is 
best seen from investigations in which its disappearance can be traced, as in 
fasting or in abstinence from sodium chloride alone. ^ 

From observations on professional fastens who, previous to the period of 
fasting, had contented themselves with moderate quantities of common salt — about 
10 grammes daily — the amount of salt given ofi by the body during the fast was 
estimated at 17 or 18 grammes. It has not been absolutely determined whether 
larger amounts are amassed in the body incases where salt is taken in larger quan- 
tities — 20 to 25 grammes. It is very probable, however, that such is the case. The 
effect of placing an animal on large quantities of sodium chloride has been shown 
to cause an increase of body-weight, which can only be esq)lained by a retention of 
water in sufficient quantity to dilute the salt retained to a solution isotonic with 
the fluids of the body. The opposite holds true to an even greater extent ; for, 
while salt equihbrium may become established so quickly on increasing the amount 
of salt that no, or only a slight, increase in body-weight results, the effect of de- 
creasing or stopping salt altogether is to cause at once a loss in body-weight which 
is greater than can be accounted for by loss of flesh, and is due to water being lost 
together with the sodium chloride. That is, when the administration of salt is 
largely decreased or stopped the excretion of chlorides in the urine is greater 
than the salt intake so that the body becomes poorer in salt, and less water is 
required to maintain the isotonicity of its solution : the body-weight therefore 
falls. 

We shall consider the effects of the large sodium chloride intake of the pri- 
soners on body- weight, diuresis and number of red blood corpuscles. We shall 
also give some observations on the effect of the large salt intake on its elimina- 
tion by the faeces and skin. 

Investigations to determine the effects of large quantities of salt on 

(i) The amount of chlorides passed in the urine. 

(ii) ,, ,, ,, )> >> >> fseces. 

(in) „ „ „ „ >, sweat. 

(iv) The body- weight. 

(v) The total amount of urine passed. 

(vi) The number of red blood corpuscles. 

I Yon Noorden, Hie Ptyaiolt^ of meffcabolism. 


Z 2 
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Puri Jail 

1. The effects of a sudden decrease in the amount of salt in the diet. The unit 
worked with was five prisoners ; the urine and feces were collected and pooled. 

TABLE XXIII. 


Five Ooriyo 2:>risoiiers observed for -fifteen emiseeutive days. 


Bateli A. 

Total 
quantity 
of unne. 

Chlorides 
of urine. 

1 

Chlorides j 
of fseces. ! 

Weight 
of pris. 

K.B.C. 

average 

count. 

^ Salt 
intake. 

Chiolides of 
sweats differ- 
ence of total 
intake and 
output in 
urine and 
faeces. 


o.c. 

grios. 

I 

grms. 

lbs. 


grms. 

^Vverage per 








man ciaily. 

r 

«.500 

85*00 

2*80 

98*6 


Average 

99-71 







of 13 


1 


9,910 

86*97 

2-60 

99*0 

counts 

99*71 







on t%vo 




10,000 

71*00 

2*65 

97*8 

prisoners 

99-71 








: 4,790,000 




10,150 

06-3i 

1*10 

96-S 


99*71 


Five prisoners. 

7,800 

80*38 

1*83 

97-S 


99*71 


Ooriyas. 







=2*37 


9,080 

77*18 

1*96 

96*7 


99*71 

grms. 


9,100 

86*40 

3*48 

97*1 


99*71 



9,0S0 

99*60 

2*35 

96*3 


99*71 



8,700 

87*00 

1*92 

96*4 


99*71 


U 8,820 

85*55 

2*29 

I 96*0 

! 


99-71 

i 

u 


8,490 

72*38 

2-20 

96*4 


j 

32-80 

1 ^ 

Transition 




1 




day. 

f 

7,420 

3] -16 

2*20 

1 95-8 



32-80 

# 

f 

5,790 

35-Sft 

2*44 

! 

95‘8 



32-80 


JJO^ ^ . < 

7,S50 

30-12 

1*80 

j 95*4 


K,7-Hooo 

32-80 

= ‘19 grms. 

1 

7,460 

29-16 

2*12 

i 

95*1 

J 


32-80 
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What do we fed from this investigation ? 

With practically 20 grms. of salt per man daily 

(i) 86 per cent, is absorbed and passed out in the urine. 

2 4 per cent, is unabsorbed and passes out in the feces 
(m) 11-6 per cent, is absorbed and passed out in the sweat. ' 

(w) average body-weight = 97*31 lbs. 

(v) average quantity of urine passed = 1,840 c. c. per man dady. 

(m) number of corpuscles = 4,790,000 (average). 

With 6*5 grms. of salt per man daily 

(0 93*4 per cent, is absorbed and passed out in the urine. 
in) 6*6 per cent, is unabsorbed and passes out in feces. 

m 2*8 per cent, is derived from the excess of salt stored in the body. 
(iv) average body-weight = 95*4 Ihs. 

W average quantity o{ urine passed = 1.401 o.e. per luan daily. ' 

(m) number of corpuscles = 4,734,000. 


That IS mth the same batch of men on the same diet throughout the whole 

experiment, the effects of reducing the quantity of salt from 20 to 6-5 o-rms per 
man daily were : — per 


(i) to eau* a^fctiuot Ml iu boiy-rveigit from aa average of 97-3 to 

(tt) to decrease tke average amount of utiue passed from 1,840 e,c. to 
1,401 c.c. j)er man daily. 


Other points brought out in this investigation are 

ini) The very high percentage of salt absorbed even when large amounts 
are given in the diet : thus, in the 20 grammes period, no less than 

over 97 per cent, of the total salt given was absorbed bv the 

bowel. 

{k) The very constant quantities eliminated by the feces so long as there 
is no actual diarrhoea : with an intake of 20 grms, 0*46 grm. NaOl 



was passed in the fseces per man daily ; with 6*5 grms. 0*43 grm. 
passed in the faeces per man daily. 

It wiU he noticed that a larger quantity of mCl was eliminated in the 
urine and faeces than was present in the intake during the period 
that the prisoners were getting 6*5 grms. daily. The excess deriyed 
from the salt stored in the body, oyer the four days we haye taken 
into consideration, is very small — only 3*89 grms. for the batch of fiyc 
men, or 0*78 grm. per man. Howeyer, if we take the ‘ transition 
day ’’—the period before salt equilibrium is established— into consi- 
deration, the excess works out to 16*25 grms. per man oyer the 
five days. This excess is of course not entirely due to salt stored 
up in the body, but is simply the remains of the salt from the pre- 
yious day’s supply which had not yet been eliminated. We have not 
taken the “ transition day ’ ’ into our reckoning. 

(w) There is no doubt that a considerable quantity of salt is ehminated by 
the perspiration in hot climates like India. In our first period this 
formed 11*6 per cent, of the total, or 2*37 grms. per man daily ; in 
the second period it was not possible to calculate the amount eli- 
minated by the sweat as the total intake of salt was not suflEieient to 
maintain salt equilibrium. It is highly probable that the quantity 
of salt got rid of by the skin depends on the total amount of the salt 
intake. When this is considerable thirst is raised, and the inges- 
tion of large quantities of water increases the action of the sMn ; 
under the opposite conditions the skin does not act so freely, and 
therefore smaller quantities of salt will be excreted by it. 

(mi) The enumeration of the red blood corpuscles shows a decrease with the 
decrease in the salt intake. This decrease we did not expect, and 
it is at variance with our results obtained from experiment on 
animals in the laboratory, where the conditions were more under 
control than in the jails. Thirther, the limit of error in blood counting 
is high— quite up to 6 per cent., and the count inyolyes a great deal 
of labour when batches of five men are made use of. The method 
we prefer, and the one made use of in the laboratory is by means 
of the high-speed electric haematocrite, to determine the percentage 
yolume of the corpuscles under different conditions of salt intake. 
This we found impossible to carry out in the jails visited. Further 
work win be necessary on the question whether the intake of salt 
causes an increase or decrease in the number of the blood corpuscle 
before any definite statement can be made. 
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2. The effects of a gradual decrease in the amoant of salt in the diet. 


live OoriyafTisoners observed during fifteen consecutive days. 


Batcli B. 

Total 
quantity 
of urine. 

Chlorides 
of urine. 

Chlorides 
of fseces. 

1 Weight 
of pris. 

f 

1 

j E.B.a 
* average 

1 count, 

! 

T 

i 

1 

) 

bait 

intake. 

1 

Ciiiorides of 
s-ffeat. 



c.c. 

1 

' grnas. 

1 

grms. 

lbs. 

( 

! 

grms. 

grms. 




i 



5 



Average per 
man daily. 



8,970 

89-00 

2*36 

98*8’' 



99-71 

1 

Bive prisoners, 
Ooriaj^as. 


10,100 

91-00 

3-65 

00 

6b 



99*71 

i 

1 

-i 

9,020 

80-72 

2-75 

98*8 

- 4,550,000 

i 

'H 

99*71 

2*51 



8,180 

76*54 

D60 

98*7_. 

1 

1 

I 


L 99-71 

j 


r 

8,130 

62*80 

2-31 

97-6'' 

1 

1 

1 

" 73*8 


Do. 

* 

9,190 

62*49 

3-80 

97-9 

! 

4,570,000 

j 

73*8 

! 

i 

=1*09 

i 



8,880 

62*12 

3-02 

98-2 

; 73*8 



8,550 

72*58 

3-26 

98-1^ 

! ; 
! 

! 

L 73-8 ^ 

1 

ij 


r 

8,390 

44*46 

3-16 

97-9'] 

1 

) 

1 

49*2 


Do. 


6,610 

46*27 

3-14 

97-8 

! 

t 

.1 4,520,000 

1 

49*2 

j 

( 


8,000 

43*16 



■1 

■}- =0-41 

1 grm. 



2-02 

97-7 

! 

1 

49*2 


-i 

i 

7,500 

I 

43*20 

2-16 

97 - 5 J 

1 

' ! 

1 

t 

C 49*2 

1 

j 


What do we learn from this investigation ? 

With practically 20 grms. of salt daily per man 


(») 84*5 per cent, is absorbed and passed out in the urine. 

{ii) 2*5 per cent, is unabsorbed and passed out in the faeces. 

{Hi) 13‘0 per cent, is absorbed and eliminated in the sweat. 

{iv) average body-weight = 98'8 lbs. 

{v) average quantity of urine passed = 1,816 c.c. 

(vi) average number of r.b.c. = 4,550,000. 

With 14*76 grms. of salt per man daily : — 

(i) 88 1 per cent, of the salt is absorbed and passed out in urine. 

(ii) 4*2 per cent, is uuabsorbed and passed out in the faeces. 

(Hi) 7*7 per cent, is absorbed and eliminated in the sweat. 

(iv) average body-weight=97'9 lbs. 

(v) average quantity of urine passed= 1,740 c.c. 

(vi) average number of r.b.c. =4,670,000. 
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With practically 10 grms. of salt per man daily : 

(i) 90 per cent, of the salt is absorbed and passed out in the nrine. 

(w) o'S per cent, is imabsorbed and passed out in the faeces. 

(m) 4'7 per cent, is absorbed and passed out in the sweat, 

{iv) ayerage body-weight=97'7 lbs. 

(v) average quantity of urine passed= 1,225 e.c. 

{vi) average number of r.b.c. =4,620,000. 

These results are very similar in type to those recorded in (1) of this table, 
bub are more gradually obtained. There occurred a gradual fall in body-weight 
and a decrease in the amount of urine secreted after each srxccessiye decrease 
in the quantity of salt given in the dietaries. 

The same constant quantities of salt are eliminated by the bowel: in the three 
sets of observations these were O'Sl, 0-62 and 0-52 grm. per man daily, from 
which it would appear probable that practically all the added salt of the diet is 
absorbed, and that the salt passed in the faeces is derived from that contained in 
the constituents of the diet, ie., from the undigested food materials. 

These observations also bring out the gradual drop in the amount of salt 
eliminated by the s hin as the quantity ingested is decreased. Thus with the 
i-liTniTiisbing quantities of salt our table shows 2'51, 1‘09 and 0*41 grms. per man 
daily as the amotmt unaccounted for in the urine and faeces. This result is very 
similar to that shown in (1) of this table. 


3. The effects of decreasing and increasing the amount of salt in the diet. 
Five Ooriya prisonefs observed during fifteen days. 


Bateli C* 


Five prisoners, 
Ooriyas. 


Total 
quantity 
of urine. 

Chlorides 
of urine. 

Chlorides 
of faeces. 

Weight 
of pris. 

E.B.C. 

3! 

c.c. 

grms. 

grms. 

lbs. 

grms. 


85*52 

3*56 

98*6^ 

r 99*71 

8,220 

10M9 

1*33 

98*6 f 

3,420,000 ) 99*71 

8,340 

63*55 

1*23 

98*8 C 

} 99*71 

8,920 

83*36 

1*34 

98*7^ 

V 99*71 

6,890 

45*09 

1*68 

QS-l-v 

{ 57*4 

7,900 

58*46 

2*62 

98*3 ( 

3,450,000 3 57*4 

7,430 

45*32 

2*40 

98*4 t 

1 57*4 

6,540 

54*28 

2*68 

98*4 J 

1 67*4 

7,000 

59*50 

2*96 

98*6^ 

[ 65*6 

6,370 

50*oe 

1*55 

98*6/ 

V 66*6 

6,500 

61*00 

2-36 

98*6^ 

3,533,000 ( 65*6 

6,000 

55*00 

2*86 

98*7 \ 

f 65*6 

6,800 

62*40 

3*34 

98*8^ 

^ \ 65^6 


Chlorides of 
sweat. 


grms. 

Awerage per 
man daily. 


Bo 


grms* 
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Wh,at do we learn from this investigation ? 

With, practically 20 grms. of salt per man daily : — 

{i) 83 6 per cent, of the salt is absorbed and passed out in the urine. 

{ii) 1 8 per cent, of the salt is unabsorbed and passed out in the fseces. 
{iii) 14 per cent, of the salt is absorbed and passed out in the sweat. 

{iv) average body-weight=98-7 lbs. 

{v) average quantity of urine=l,731 c.c. 

(m) average number of corpuscles=3,420,000. 

Practically with 11 ‘5 grms. of salt per man daily : — 

{%) 88 5 per cent, of the salt is absorbed and passed out in the urine. 

{ii) 4 0 per cent, of the salt is unabsorbed and passed out in the fseces. 

{Hi) 7 5 per cent, of the salt is absorbed and passed out in the sweat. 

{iv) average body-weight=98-3 lbs. 

(v) average quantity of tnine passed= 1,438 c.c. 

(w) average number of r.b.c. =3,450,000. 

Practically with 13 grms. of salt per man daily : — 

{i) 88*0 per cent, of the salt is absorbed and passed out in the urine. 

{ii) 4‘2 per cent, of the salt is unabsorbed and passed out in the fseces. 
{Hi) 7 ‘8 per cent, of the salt is absorbed and passed out in the sweat. 

{iv) average body-weight=98*6lbs. 

(^;) average quantity of uriae= 1,307 c.c. 

{vi) average number of r.b.c.=3,533,000. 

These results confirm what we have already found in investigations (1) and (2) 
except for a defi.ciency in the quantity of urine with 13 grms. of salt in the diet. 
However, we have made hxmdreds of other experiments on this effect of salt, and 
the evidence is very strongly in favour of an increase of salt being followed by an 
increase in the quantity of urine passed. 

We may sum up the conclusions arrived at from these observations by saying : — 

(1) The evidence is strong that a large ingestion of salt in the diet entails 

an increase in the body-weight, an increase in the quantity of urine 
secreted, and a marked increase in the amount of salt eliminated by 
the akin. 

(2) The quantity of chlorides passed in the fseces is very constant, and bears 

no relation to the total intake of salt in the food ; it, in all proba- 
bility, varies with the percentage of the food-stufis that passes out 
unabsorbed ; so that, in those experiments where the same foods 
in the same quantities were given throughout, the salt in the faeces 
is practically constant. It is a very small amount — only about 0*5 
grm. per man daily. 

2 a 
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(3) Practically complete absorption of the added salt takes place whether the 

amount is large or small. 

(4) The results obtained from the enumeration of the r.b.c. are disappoint- 

ing and colourless — the variations shown are within the limits of 
experimental error. 

(6) The fact that as the quantity of salt ingested increases the skin has to 
be called more and more into action in order to assist in its elimina- 
tion, points to large quantities of salt being unnecessary, and more 
than can be easily got rid of by the kidneys. The rational indication 
would therefore appear to be to give the amount of salt which the 
kidneys are best able to deal with, and which throws no great strain 
on them. 


Our results show : — 

■With 20 grms. added to diet there is eliminated by 
the skin ....... 

With 14’ 76 grms. added to diet there is eliminated 
by the skin 

With 13‘00 grrns. added to diet there is eliminated 
by the skin ....... 

With 11'60 grms. added to diet there is eUminated 
by the skin 

With 10' 00 grms. added to diet there is eliminated 
by the skin 

With 6’ 60 grms. added to diet the total excreted 
is greater than intake. 


2'58 grms. per man daily. 


1-09 


5 ? >3 33 


1-04 


39 33 33 


0-86 


33 33 33 


0-41 


33 33 33 


So far as these observations go, therefore, we see that 6'5 grms. per man 
■daily is too small a quantity, at least when the amount of, salt is suddenly reduced 
from 20 to 6'5 grms. daily. The addition of 10 grms. of salt to the daily diet 
shows the lowest elimination by the skin and would therefore mean, if our deduction 
is correct, that the kidneys are easily able to deal with that amount without 
falling hack to auy great extent on the assistance of the skin. 

With regard to the optimum excretion of NaCL by the sMn we have exceed- 
ingly little information. Crammer^ states that in severe mnscnlar work with 
much perspiration it may amount to 1*6 to 2 '2 grms. during the day. So far as 
we are aware there has been no work done on salt metabolism fcom this point of 
view ; so that we must he guided entirely by what we have found to be the case. 

K we accept anything like the usual figures given for the amount of fluid lost 
by the sMn and the percentage of salt it is stated to contain — 1000 c.c. of sweat 
•containing 0'5 per cent. NaOl — ^it would mean a much larger amount of salt lost 


1 Crammer : Ueber die BezsieKuagea d?r Kleiiung zur Haattatigkeit, 1800. 
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per day than. Crammer was able to find or than we have shown in the above inves- 
tigations : for the very moderate figures taken it would be 5 grms. of KaCl dady. 
This, we consider, is an impossibility unless the NaCl is reabsorbed by the sldn as- 
evaporation of the sweat— invisible and visible— takes place. At all events our 
figures show that nothing like so much can have been excreted from the body by 
the skin in the case of the prisoners investigated. 

In order to get some light on this point we carried out a few experiments to- 
obtain the amount of salt excreted by the skin when profuse perspiration was 
present. 

A man was thoroughly washed with soap and water and finally with distilled 
water ; his loin cloth was snmlarly treated. He was then placed in a warm bath 
of distilled water and given hard work to cause sweating. The sweat was con- 
tinually washed ofi into the bath, so that Httle or none of the salt could have been 
reabsorbed. The results showed that there was only a very trifling amount of 
NaCl excreted in the perspiration during the period he was under observation. 
This man, however, was only taking an moderate amount of salt — about 10 
grms.— in his daily food. We may, therefore, conclude that under normal condi- 
tions an excretion of 2 grms. of NaCl by the sMn is a large amount and a good deal 
beyond the average excretion. 

We have further given proof that, under ordinary conditions of work and 
perspiration, the amount excreted by the skm varies directly with the total salt 
intake ; and, with an intake of 20 grms. the amount eliminated by the skin is 
decidedly greater than Cra mm er found in severe muscular labour with profuse 
perspiration. We are, therefore, driven to the conclusion that 20 grms. of salt, 
from this point of view alone, is far beyond the amount the kidneys care to deal 
with. 

It is q^uite evident from the investigations -recorded that an addition of 10 to- 
12 grms. of NaCl in the daily diet provides ail that is necessary for physio- 
logical needs, and that anything beyond this amount only causes a retention of 
fluids within the body with a fictitious advance in body- weight, thirst and diuresis.. 
Bearing in naind what this means in the light of the researches of Widal, Marey 
and Mendel, that the ingestion of quantities of salt beyond what is necessary is not 
tothe welfare of the body but much to the contrary, we would, therefore, recom- 
mend a reduction of the quantity sanctioned for prison diet scales from the present ■ 
26‘4 grms. of added salt in the diet to at most 15 grms. of pure NaCl. This- 
quantity is really much more than is necessary ; however, with a purely 
vegetable diet more salt is required than in European diet scales. 

We stipulate pwe NaCl, as the salt in use in some of the jails is by no means 
pure. In Puri jail the material given contains only 84 per cent, of salt, and where = 
country salt is used this statement holds good to a greater or lesser degree. 

2 A a 
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4. We now give an account of some observations carried out on two of the 
trained assistants engaged on these investigations, in order to determine the 
effects of varying the salt intake on the body-weight, and on the amounts of 
urine excreted. 


No. I Assistant. 

No. II Assistant. 

Day of 
experi- 
ment. 

Quantity of 
urine. 

Weight. 

Intake of 
chlorides. 

Day of 
experiment. 

Quantity of 
urine. 

Weight. 

Intake of 
chlorides. 


ac. 

Lbs. 

Grms. 


ac. 

Lbs. 

Grms, 

1 

1,420 

127 

20 

1 

1,360 

154*5 

25 

2 

1,610 

126*5 

20 

2 

1,9D0 

134-5 

28 

3 

1,410 

127 

20 

3 

1,390 

63-9 

25 

4 

1,220 

126*5 

20 

4 

1,410 

154*2 

25 

5 

1,790 

128 

20 

6 

2,190 

154 

25 

6 

1,470 

127 

20 

; 6 

. . 

. . 

Nil 

7 

1,380 

26-5 

20 

, 7 

1 

1,080 

153 

99 

8 

•• 


mi 

i 

8 

1,060 

150 

99 

9 

880 

123*5 

99 

i 9 

1,210 

151 

99 

10 

800 

123 

9, 

10 

720 

151 

99 

11 

790 

123 

9, 

11 

790 

152 

99 

12 

900 

122*75 

*9 

12 

1,560 

153 

15 

13 

•• 

.. 

10 

13 

1,280 

155 

15 

14 

1,460 

123 

10 

14 

1,540 

155 

15 

Id 

1,160 

123| 

10 

15 

1,540 

154 

15 

16 

1,610 

1231 

10 

16 

1,710 

154 

20 


1,290 

124 

10 

17 

1,550 

156 

20 


No. I Assistant— 


With 20 gnus. NaQ added to his diet 




nil 

30 


5? 

>5 


9) 


if 

$f 


3 ? 99 99 

99 99 99 


Average daily 
urine c.o. 


Aveiage body 
weight lbs. 


1471 126-93 

842 123-06 

1380 123-62 


No. II Assistant— 


With 26-76 gnns. NaCl added to Ms diet 


„ ml 

„ 15 


99 

99 

99 


99 99 99 

99 99 99 99 

9* 99 99 99 99 


1668 

164-22 

976 

151-40 

1430 

154-26 

1630 

166-00 
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These observations were most carefully carried out and are absolutely reliabl 
They confirm the results already obtained from work on prisoners. Anotb 
point of importance noted was that both Assistants got diarrhoea when 20 a-prl i 
grms. of NaCl were added to their diet. Large quantities of salt have a wel 
known tendency to hurry on the food materials by increasing peristalsis of th 
bowel. This in itself is an indication for the cutting down of the very excessiv 
quantity of salt given in the jail diets — 25 grms. 

'• 5. Investigations on five Bengali prisoners as to the elimination of sal 
wjien the quantities of Burma rice and Mung dal varied in each diet. 


Diet I. 


Burma rice 


26 ozs. 


Mung dal 

Total intake of salt = 486’ 00 grms. 

Output in urine . . . . , 

„ infseces- 


observed for four days 


414' 45 grms.=85'4 per cent. 
10-92 „ =2-2 


leaving 12-4 per cent, eliminated in sweat or 2'98 grms. per man daily. 

This corresponds with the results obtained on a similar diet in Puri Jai 
giving an average of 0'54 grm. in the faeces. ; ^ 


Diet II. 


Burma rice 


16 02®. 


Mung dal ..... 
Total intake of salt = 718‘10 grms. 

Output in urine . 

„ infseces .... 


> observed for six days. 


8-4 „ ,) 


632-36 grm3.=88-06 per cent. 
26-46 „ = 3-7 


leaving 8-24 per cent, eliminated in the sweat. 

This means 0’88 grm. hTaCl per man daily in the faeces, a higher figure than 
is usually obtained. 

Diet III. 

Burma rice 


Mung dal 

Total intake of salt =638-10 grms. 

Output in urine .... 

,, infijeces .... 


32 028 
4 „ ) 


■) 

j- observed for six days. 


536‘26 grms.= 84-04 per cent. 
11-40 „ = 1-78 „ 


leaving 14-18 per cent, to be eliminated in sweat. 
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This means that 0’38 grm. NaCl pei man daily is passed in th.e fseces, a lower 
figure than is usually obtained. 

Our reasons for giving this series axe th.e increase in th,e amount of salt 
passed in the fseces when th.e dal is increased, and th.e diminisbed'amount of salt pre- 
sent when the amount of dal is decreased. We found underthe ordinary conditions, 
of jail diet that the amount of salt appearing in the fseces was practically constant 
at 0‘6 grm. per man daily ; we nowf findfthat by varying the amount of dal in the 
diet a corresponding variation takes place in the elimination of salt in the fseces. 
This would appear to show that the salt of the fseces is largely derived from the dal 
in diets of the Lower Bengal type, and that dal is, therefore, less thoroughly digest- 
ed and broken up than the other constituents of the diet. 

A great many investigations besides those referred ’to have been made on the 
effects of increasing and decreasing the amount of salt in the daily food of prisoners ; 
in fact, the estimations of the chlorides in the excreta were made in all the meta- 
bolism experiments. Nothing save the points already brought out in the examples 
we have given is at present evident. 

One' fact with regard to the Behari type of diet we may mention, viz., that the 
amount of salt passed in the fseces is higher than in the' diets of Lower Bengal, ^ 
being nearly 1 grm. per'^man^daily. This we would expect from the larger amount 
of salt contained in wheat and maize than in rice, and the greater actual amount 
of the diet that is unabsorbed" and[passed in the fseces. The outstanding features 
of the results of these investigations on salt metabolism are the very high degree 
of absorption of salt that does occur, and the comparatively small amount found 
in the intestinaFexcreta. - 

In Chart XV we give in graphic form the effects of varying the quantity of 
salt in the diet on the amount of salt eliminated by the skin, the quantity of urine 
excreted, and on the percentage body-weight. 



CHAPTER V. 

Some side-issues of the investigation. 

1. urin.pa«eaend 

the quantity of xice in the diet. 

■onlTtivtr^XTti?* excreted on difierent amounts of rice in the diets is 

t™ Mretr year whentie tempera. 

dieTwratts Siven t the 


(®) Peesidency Jail, Calcutta. 


Diet- 


(i). F%m pnsoners under dbservaUon for seventeen days. 

r 1st period of five days. Per man dafiy. 


Burma rice 
Mung dal 


26 ozs 
6 


“■ } 


Urine 1760 c.e. 


2iid period of sis days. 


Bemarka. 


Salt in diet a little 
higher than usual. 


Diet — 

Burmarice . . . ig ozs. > ^ 

, Mung dal . . . 8-4 „ J 1573 <3.c. Ditto. 


3rd period of six daya 

Diet— 

Burmarice . . . 32ozs. ) 

Mung dal . . . . 4 „ j Uriue 1958 c.o. Salt usual quantity. 

These t^ee results were obtained in August 1908, when the humidity was Tn Vh and 
the variations of temperature and humidity small. If we neglect the action of 
the dal they would appear to show a relationship between the quantity of rice 
and the amount of urine excreted. 

[ii)— Vive Bengali prisoners under ohservation for tmntydwo days. 

1st period of twelve days. Per man daily. Bemaiks. 

Diet— - ' . , ' ' ' ■ , ^ 

Burmarice ... . 24ozs. '] 

Mottar and Massur dais , 6 „ j Uriue 1726 c.c. Salt usual quantity. 

2nd period of ten days, 

DieT""*" 

Burmarice . . . SOozs. ) ’ 

Mottar and Massur dais . 6 „ y Urine 1632 c.c. Ditto. 

'' ' ' '' ' 183 , ,■ 
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These obseivatioD,s were made in October 1908 while it was still sultry, and 
they again show a decrease in the amount of urino passed when the quantity of 
rice in the diet was lessened. 


{iii).—Tm Bengali prisoners under observation for fifteen days. 


1st period of five days* 

Diet — 

Btiriaa rice 

Massur and Arhar dais 


Per man daily. Bemarks. 


25ozs. I Urine 2614 c.c. 


Salt usual quantity. 


2iid period of five days. 

Diet — 

Burnia rice . . .20 ozs. 

Massur and Arhar dais . 6 


} 


Urine 2646 c.c. 


Ditto. 


3rd period of five days. 

Diet — 

Burma rice 

Massur and Arhar dais 


18 ozs. 
6 „ 


} 


Urine 1929 c.c. 


These observations were carried out in the cold weather. The quantity of 
urine passed by the prisoners is very high. While the results with a diet 
containing 20 ozs. of Burma rice show practically the same quantity of urine 
excreted as with 25 ozs. those with 18 ozs. exhibit a great fall. 


(w). That the quantity of dal does not seem to cause any variation in the amount 
of urine excreted would appear from the following : — 


Ten Bengali prisoners under observation for 'fifteen days. 

1st period of five days. Per man dafiy. ' Bemarks. 

Diet— 

Burma rice . . . 20ozs. ) . . . 

Massur and Arhar dais . & „ ) quantity. 


2nd period of five days. 

Diet— 

Burma rice . . . 20oz». ) . 

Massur and Arhar dais . 5 ,, J Urine 2544 c.c. Ditto. 

3rd period of five daya 

Diet— 

Burma rice . , j 20ozs. ) 

Massur and Arhar dais . 7 „ j ^®07 c.c. Ditto, 
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tically no urine passed, per day by these prisoners shows prac- 

the diets do not change, and the climatic conditions are the same. 

the hot TYi^ amount of urine passed by these prisoners even during 

sual relationship can be traced between the amount of Burma rice in the diet and 
tne quantity of urine excreted. 

rice ^’Mch difieieut quantities of country 

p r of the diets, other conditions all being identical. 


(6) PuEi Jail. 

Four frisoners under observation for ten clays. 


1st period of five days. 

Diet — 

Country rice ... 26 02 s, 

Massur dal , r- 

“ ^ 55 

2nd period of five days. 

Diet — 

Country rice . . . 20 ozs. 

Massur dai . . .6 


Per mm daily. 


Bemaxks. 


} Uriue 1807 c.c. Salt 17 grms. daily. 


j Urine 1512 c.c. Ditto. 

The/stwa'l™ “ 1909. 

of urine e^creted than was tie ease 

same climatic conditions, bnt were given Burma rice to eat. " 


Diet — 

Burma rice 
Wheat ata 
Mungdal 


(c) Bitxae Jail. 

(^) Five prisoners under observation for fifteen days 

1st period of five days. Per man daily. 


Eemailcs. 


Diet— 

Burma rice 
Wheat ata 
Mungdal 


Sad period of five days. 



Urine 1929 c.c. Usual quantity of salt. 


Diet- 


3rd period of five days. 



Urine 1865 c.c. Usual quantity of salt. 


Burma rice 
Wheat ata 
Mungdal 


10 ozs. 
10 „ 
6 „ 


^ Urii 


Urine 1697 c.c. 


Ditto. 


2 B 
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la these observatioas the coaditioas were ideatical, except for the varyiag 
amoaats of Burma rice. The same relatioaship is aoticeable betweea the amouat 
of rice aad the quaatity of uriae excreted. Agaia will be evideat the large 
amouat of urine that these prisoaers passed daily ; the work was carried out in 
January 1909, i.e., ia the middle of the cold weather. 

t 

{li) Reisrems to table XI {BuxirJail) hsars out tie same contention when tie same 
h'Ucles of frisoners on varying amounts of Burma rice are taken. 

Thus— * 


Diet — 

Burma rice. 
Wheat ata . 
Mung dal . 

Diet — 

Burma rice . 
Wheat ata . 
Mimg dal . 


Batch X, Table XI. 
Per man dafly. 



Urine 1929 c.c. 


. 12‘6 OES. 

. 10 - „ 


Urine 1761 c.c. 


Diet — 

Burma rice 
Wheat ata 
Mung dal . 

Diet — 

Burma rice 
Wheat ata 
Mung dal 


Batch Y, Table XL 



Urine 1893 c.c. 


8 ozs. 


10 

6 


>? 


•J 


^ Urine 1711 c.c 


Eemaxks. 


Usual salt. 


Ditto. 


Ditto 


Ditto. 


(iii) TUm^li,uih of fm-mm in Me r/F-wte g lamitios of rko 

With makkai ata were in use— -slows tie same thing. 


Diet — 

Burma rice 

Makkai ata 
Mung dal 

Diet— 

Burma rice 
Makkai ata 
Mung dal 


Batch P.— Table XIV. 

Per mm daily. 

Pemarks. 

12 ozs. 

10 „ 

6 „ 

1 Urine 2028 c.c. 

Usual salt. 

10 ozs. 

10 „ 

C » 

j Urine 1871 c.c. 

Ditto, 
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obtained from investigations on the Behar prisoners in Bnxar 

Lets hJJ Tr^ support the view that a relationship 

exists between the amount of rice in the diet and the amount of urine passed. 

(d) Bhagalpur Jail. 

Is the evidence of the Bhagalpur results of the same nature ? 

diets^tx^nt fOT^tf prisoners on similar 

resulte ^ ^ ^ ^ quantities of country rice. They show the following 


TABLE XVI. 


Constants. 

i r Wheat ata 
Arhar dal 
Vegetables 



Varying quantities of Quantity of urine 

country rice. per man daOy. 

Country rice . 14 02 s. 1622 c.c. 

» » • 10 „ 1557 c.e. 

’’ ),• 8 „ 1561 c.c. 


Here is the same tendency to a diminished excretion of urine as appeared in 

the other results. In this case also the amount of salt in the diets was constant 
throughout. 


^ (^^) Table XVIII has one batch of prisoners— Batch III— in which the only 
variation in the diets is in the amount of country rice. The foUowing shows the 
results : — 


TABLE XVII. 


Batch in. 


Constants. 


TMakkai ata 
J Arhar dal 
Vegetables 


12 ozs. > 
6 „ 


Varying quantities of Quantity of urine 

country rice. per man daily, 

^Country rice . 14 ozs. 1340 c.c. 

+ j » » 10 „ 1280 c.c. 

t »> 3) 8 5, 1423 c.c. 


_ The quantity of urine secreted by the batch when 8 ozs. of country rice was 
given IS higher than with the other quantities, otherwise the results point to the 
same conclusion. 

We may again call attention to the much lower quantity of urine passed by 
the prisoners in Bhagulpur jail than was the case in Buxar ; the same observation 
was made on comparing the quantities passed in Puri jaU and in the Presidency 
jail, Calcutta. In Puri and Bhagulpur jails country rice was the variety in use 
whereas in the Presidency and Buxar jails Burma rice was given. 

The climatic conditions were very similar so far as the investigations in Buxar 
and Bhagalpur jails are concerned, both jails being under investigation during the 
months of January and February 1909 when the air was dry and the temper- 
atuie quite low for India, " ^ 


^ B Z 
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From these observations it would appear probable that a larger quantity of 

urine IS secreted when the intake of rice is high than when it is low. What the 

cause is-beyond the mere fluid taken in with the rice-it is diflSicult to say. 
If the cause were only the amount of fluid taken in with the cooked rice and the 
water capable of being formed from the constituents of rice, we should expect less 
fluids to be drmk, and that matters would thus right themselves. It seems 
^ssible, therefore, that rice per se has a diuretic action on the renal organs 
Whether _.his is so or not, the evidence we have produced is strongly in favour 
of the view that the amount of rice present in the diet does influence in a 
marked manner the quantity of urine excreted. What its significance is, if any 
we leave for the future to unfold. We may remark that we did not obtab 
anything hke the same results regarding the amount of urine excreted when the 
a , wheat or makkai ata of the dietaries were given in varying quantities. 

2.-The relative influence, if any, on the excretion of urine exerted by Burma rice and 

Country rice. 

_ _ Intimately connected with the apparent influence of large quantities of rice 

rnfflcmBrng the flow of mine is the question, whether the two varieties of liL do 
SO to the same extent. 

It wiU be evident from the figures given in Chapter II and in Section I of thi« 
Chapter that under as far as possible the same conditions, the amount of urine 

passed IS on the average, much greater when Burma rice is given than when coun 
try rice forms part of the diet. 

From an analysis of all the results obtained, when the conditions of 
temperature, humidity, intake of salt and intake of rice were as nearly as 
possible similar we have computed that the average amount of urine excited 
by pnsoners in the four jails examined was as follows 
Presidency Jail, Calcutta 
Buxar Jail, Behar 
Puri Jail, Orissa , 

Bbagalpur Jail, Bebar . 

llat is, iu the two jaUs where Burma rice was in use the aveiige excretion of urine 
by the prisoneis is on a deeidedlv higher levelthan in the w ; 
rice was the variety given in the dietaries. jails where country 

While we have no desire to tow anv°wr ™kiwwn. 

we cannot help tMuHn^ that ther^ i ^onclusione from these resnlts, 

and^that^ 


over 2000 c.c. per man daily in the cold weather 
over 1800 c.c. „ „ 

under 1600 c.c. „ 
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"unable to say ; but it will be readily admitted tbat if a diuretic influence does 
exist, its continuous action from tbe massive amounts of rice in the daily diet of 
Bengali prisoners cannot be for the welfare of the kidney epithelium. The 
supposed influence of Burma rice in the causation of Beriberi~a disease often 
associated with oedema — ^might form an interesting problem from this point of 
view. 

In order to see whether the greater effect of Burma rice on the flow of urine 
would hold under absolutely the same conditions, two batches of prisoners in the 
Presidency jail, Calcutta, were kept under observation for a fortnight, one week 
on Burma rice and the next on country rice with the following results : 

One hatch of the Bengali prisoners under observation for five days. 

Per man daily. Kemarks. 

Diet — 

Burma rice ..... 20 ozs. ^ 

Massur and Arhar dais . . . 6 „ C Urine 2545 c.c. Usual quantity of 

Vegetables 6 „ ) salt. 


The same men under observation for five days. 

Diet — 

Country rice 20 oza. y 

Massur and Arhar dais . . . 6 „ 

Vegetables 6 „ 


• Urine 2015 c.c. 


Usual quantity of 
salt. 


a difference of over 500 c.c. per man daily, seemingly due entirely to the variety of 
rice in the diet as all other conditions were absolutely the same. 

We may, in connection with the effect of Burma rice on the excretion of urine, 
draw attention to the results shown on Table XXV. Here we had two batches of 
four men in each on a “meat” diet containing only 4-. ozs. of Burma rice per man 
daily. The usual quantity of salt was given, and the observations were made at 
the same time as those recorded in this section. The results show a great diminu- 
tion in the amount of fluid excreted, the average for the two batches over the period 
being 1284 c.c. per man daily, i.e., only about half the amount excreted by 
the men on Burma rice 20 ozs. shown above. As would be expected there was a 
marked increase in the solid constituents of the urine- — the sp. gr. ranging up to 
1023 as compared with an average of 1008 for those on the rice dietaries. 


3.— The quantity of faeces passed by prisoners on Bengal Jail dietaries. 

(a) On diets of the Lower Bengal jail type — 

(i) Mve Bengali prisoners observed for 17 consecutive days, average 

weight of fresh faeces per man daily 14 ozs. 

(ii) Twenty Bengali prisoners observed for 14 consecutive days, average 

weight of fresh faeces per man daily 16 ‘2 ozs. 
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(m) Sixteen Ooriya prisoners observed for twelve consecutive days aver- 
age weight of fresh faeces per man daily 14 1 ozs. 

(iv) Four prisoners observed for eleven consecutive days, average weight 
of fresh faeces per man daily 14 ‘4 ozs. ^ 

Therefore an average of — 

20 X 14=280 . If , 

16 X 12=192 JJf ” 

4 X 11= 44: , . ' * * ^ 

5^ 

Total of 601 observations gives an average of 14-6 ozs. of fresh feces nas^ed 

per man daily. ^ 

were made only when the prisoners were on the (practi 
cally) full Lower Bengal jail diet. ipiacti- 

(b) When the amount of rice was reduced to half the ordinary Quantity ih^ 
weight of the f^ces passed fell very considerably. ^ ^ ^ ^ 

Tims — 

(') prisoners observed for eleven consecutive days, average 

wejgtt of fresli fseces per man daily 10 ozs ^ 

’ “wiolTgt- “ ‘he 

Dmiv- Ocriya prisoners observed for five consecutive days. 


Diet — 
Country rice 
Arhar dal 
Vegetables 
Coat’s flesh 


26 ozs. 
3 „ 
6 . 


- Fresh feces 12 ozs. per man daily. 


Fresh feces 6-7 ozs. per man daily. 


The mme four jmmuro ohoerved for « cmoecutive dags. 

CcTOtryrice >10 

~ ■ * • ■ • 10 ozs. -N 

Gram dal . ^ ^ 3 / 

Vegetables , . A ” f f®®ces 6-7 ozs ner t« -i 

■a<«t’sfl„h„aaA . e” ) ' aaUy. 

Country rice 

Different dais ^ ^ 

; ; ; ; ■ w 

This is decidedly bigber than with k r 

(«*) This is also brought out in the case 

of ric. ^ and wW°aS' 

Wheat ata given instead. 
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consecutive days, average 
weight of fresh faces per man daily 16 '64 ozs. 

We may, tWefore, conclude that the weight of faces passed daily by prisoners 
on the Bengal jail dietaries is in round numbers one lb. per man daily Zc W 

^ A reSmln ^7 ^ European on his diet. 

\ f .f , ^ quantity of nee entails a decrease in the weight of the 

Seal air, ‘ *0 be greater when wheat 

stituted tor an equal quantity of rice. 

4.— The average amount of the nitrogen contained in the feces. 

‘be total nitrogen of 

oun e percentage of nitrogen present to be wonderfully constant 
andeddom very mnoh outside the figures 12 to 1-8 per cent. 

diV+a 1 - ^ hundreds of estimations on the ordinary Bengal iail 

similar th ”fi °* ^'3 Behari it will be seen how very 

protein ttatzr *° from the urine method of esHura4 

Thus, the Bengah passes 420 pms. of faeces, which would meam an average 

^ \ ^trogen per man daily, or about 50 per cent, 

of the total mtrogen of the diet. 

The Behari passes 600 grms. of faeces, which would mean an average of about' 

f or a little less than 60 per cent. 

01 the total nitrogen of the diet. 

These figures, which are only rough averages of a large number of observa- 
tions correspond with those obtained from the analyses of the urine taken in con- 
junction with the nitrogen intake ; wz., a little over 50 per cent, of the protein of 
tie Bengal jail dietaries is absorbed. 

In connection with the more or less uniform percentage of nitrogen found in 
the faeces analysed it is worthy of note that somei witers prefer to speak of differ- 
ent foo^ as large or smaU fseces-producers, rather than as being capable of 
incomplete or complete absorption. s p 


6. The a7erage amount of uric acid excreted in the urine by prisoners on the Bengal 

Jail diets. ® 

Itis universally accepted that the amount of uric acidin the urine depends on 
the nucleins and not on the ordinary proteins of the dietaries, so that the relation- 
ship between the total nitrogen and uric acid excreted has practically no signifi- 
cance. That is, the two methods of nitrogenous metabolism—purin metabolism 
and the general nitrogenous interchanges— are independent o f one another, 

^ HntcliiDsoD : Food and the PrinoipleB of Dietetics, also Kcauanitz, SMtwA, f. Biolpgie 1897 , ~ 
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In a purely vegetable diet such as that of the prisoners in Bengal a high uric 
acid excretion 'would not be expected, as vegetable food contains only small 
amounts of purin bodies. Tire pulses, however, do contain a fair quantity of 
nucleins. 

We have made a good many observations on the amount of mic acid excreted 
by Bengali prisoners and find the quantity to be very much what would be 
expected from a vegetarian diet. Thus, in 690 uric acid determmations the 
amount excreted per man daily was, on the average, 0‘44 grms. 

The variations met with were small and never fluctuated for the Bengal types 
of diets outside 0'35 and 0’57 grm. per man daily. These figures include deter- 
minations on prisoners on both the Bengali and Behari types of diets — the inter- 
change of ten ozs. of rice for ten ozs. of wheat ata does not appear to make any 
difierence in the amount of uric acid excreted. The dais excepted, rice, wheat ata 
and vegetables may be looked on as almost forming a purin-free diet so that the 
uric acid is derived almost entirely from the dais — the exogenous — ^and from 
tissue metabolism — endogenous — the breaking down of nuclein-containing sub- 
stances. 

The method of estimation made use of in all our uric acid determinations was 
that introduced by Gowland Hopldns^, which is by far the most accurate and 
simplest process. 

e.—Xanthin or alloxur bodies or Purin bodies, including uric acid with a number of 

closely allied substances. 

The Xanthin bases — ^xanthin, hypoxanthin, guanin and adenin— like uric 
acid have an endogenous source which is probably the nuclein of the tissue-cells, 
and an exogenous source furnished by the food-stuffs which contain nucleins and 
puiins. According to Camerer, Salkowski, Walker, Hall and others the amount 
of xanthin bases in the daily urine amounts to from 30 to 50 milligrammes in 
Europeans. 

We have carried out a number of observations with Walker Hall’s purino- 
meter and find the average quantity of purin bases excreted per man to be about 
48 milligrammes per day. This amount seems rather high, hut it represents about 
9 per cent, of the uric acid excreted, on the same diet by the same prisoners, which i s 
nearly the usually accepted amount. Von Noorden states that the quantity of 
these bodies rarely amounts to more than 8 per cent, of the uric acid excreted at 
the same time. Accepting Walker Hall’s method as giving accurate results, it is 
very likely that the dais of the Bengali diet supply a fairly large amount of purin 
bases. 

We did not go into any detail on this point, and simply state the results 
obtained from an investigation carried out on twenty prisoners observed for m'pA 
consecutive days. 

1 Journ. of Path, and Bacteriology, 1893, ~ 
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7 Tlie percentage of urea to the total excretion of nitrogen. 

In a very large number of the observations in which the total nitrogen of the 
urine was determined, an estimation of the urea present was also made. The pro- 
cess followed was that of Morner-Sjoqvist as modified by Bodtker^ which gives 
accurate results. 

Careful examination of our results as to the percentage of the total nitro- 
genous excretion that appears in the urine in the form of urea does not reveal any 
marked difference from the ordinary accepted standards. 

The urea nitrogen is, however, higher than would be expected from a purely 
vegetarian diet. 

In European diets the relative value of urea is given at 88 to 90 per cent, with 
flesh diet, 85 to 87 with a mixed diet, and about 80 per cent, with a vegetable 
diet. We find that on a dietary of the Lower Bengal jail type the percentage 
of urea-nitrogen is about 90 per cent, of the total nitrogen of the urine. 

Twenty Bengali prisoners, observed during twelve consecutive days had 
their urine pooled ; the nitrogen in the form of urea formed 90' 1 per cent, of the 
total nitrogen of the urine. 

. . We found, further, that the addition of a little meat or flesh made very little 
difference in the relative value of the urea ; however, the amount of meat in the 
diets in the particular observations in which the urea was estimated was very 
small, and the diet could hardly even be called “mixed ’’in the European 
acceptation of the term. 

On the whole we may say that in Bengalis a shghtly higher percentage of the 
nitrogen of the urine is eliminated in the form of urea than is usually stated to 
be the case with Europeans on vegetarian or even mixed dietaries. 

8.— The relation of ammonia nitrogen to the total nitrogen of the urine. 

This is a side-issue to which we paid special attention, and a large number of 
observations were made on the quantity of free ammonia excreted by the prisoners 
on different diets. 

In Europeans the quantity of ammonia excreted daily varies on a mixed diet 
fromO'fitoTOgrm. It is lower on vegetable, higher on animal foods. It is gener- 
ally accepted that the quantity of ammonia nitrogen bears a certain relation to the 
total nitrogen, forming from 3 to 5 per cent. It is known that the cereals, by 
their freedom from organic alkaline compounds, do not alter the acid reaction of 
human urine, and do not diminish the excretion of ammonia, while green vegetables, 
with their high percentage of alkaline salts, do so in a most marked manner.^ 

Ammonia is a product of protein hydrolysis, and an increase in the amount of 
protein assimilated may lead in two ways to an increase in the excretion of am- 
monia ; first, because, more protein being broken down, more of each of the 

1 Zeitsclir. f. Physiol. CJhemie, 1B93. 

2 voB Noorden ; Physiology of metabolism. 

2 0 
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hydrolytic products, and of ammonia with the rest, will be formed— this will no- 
lead to any rise in the percentage of nitrogen passed out as ammonia; secondly 
because some of the ammonia, which would otherwise be passed out as urea will b( 
excreted in combination with the sulphuric and phosphoric acids formed by th< 
breaking down of protein— this will lead to a rise in the percentage of nitro^ei 
passed out as ammoma as well as in the absolute amount. The quantity o- 
ammonia m the urine vanes with the amount of acid radicles requiring neutralL- 
tionyf there be abundance of base taken with the food, less ammonia is re- 
qmred and it sinks to a low level in the urine. It does not, however disaoDeaT 

entirely, Tke reason gi™ for tlue by Spri^> is tbat ammonia, being a nS” 
me abobo product and tberefore circulating in the blood, must pass through the 

kidneys .- thus some of it trill be errcretod before it can reach the liver and have 
an opportumty of being turned into urea. 

Wtigations to determine the total amount and percentage of the nitrogen 
Of the urme passed out as ammoma r » mrrogen 


TABLE XXIV. 


(^) Twenty prisoners in the Presidency jail, Calcutta, were kept under obser 
vaton for twenty days The urine of these prisoners was pooM and In^S 

.no de»mp~ad t^Wp^ wtpS" S IT 
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From these figures we fijid that the percentage of the total nitrogen excreted 
m the form of anamonia is 7-9,2 or 0-85 grm. per day. This is decidedly higher 
than would be expected from the results given for Europeans. 

The diets on which some of the prisoners were during these observations 
contained meat and fish, so that they were not entirely vegetable in character. 

(^^) Twenty Behari prisoners under observation for fifteen days : the urine was 
pooled and samples tested for ammonia. 

The diet consisted of Burma rice, wheat ata, mung dal and vegetables — 
no meat or fish was given. 


Results tabulated in three 'periods of five days in each. 


Batch. 

Average 
quantity 
of urine 
per naan 
daily. 

Average 
Total 
of urine 
per man 
daily. 

Average 
NHa 
per man 
daily. 

Total K. 
of urine 
for 

period. 

Total 

of urine 
for period. 

1 Total N. 
Ms : 

of urine 
for period. 


C.C. 

I j 

Grms. 

' Grms. 

1 Grms. 

Grms. 

Grms. 


/ 1895 

8*52 

•782 




Twenty prisoners Beharis 

< 1756 1 

1 

8-65 

00 

o 

y 26*48 

2-451 

2*018 


( 1760 ^ 

9-31 1 

‘865 

!) 

' 



From these figures we find that the percentage of the total nitrogen that is 
excreted in the form of ammonia is 7-62 or 0-817 grm. per man daily. This per- 
centage is again higher than would be expected. 

(m) Twenty Behari prisoners in Bhagulpur jail under observation for fourteen 
days ; the urine was pooled and samples tested for ammonia. 

The diet consisted of the ordinary Behari constituents— no flesh or fish 
being added. 

In aU forty-five IslHa determinations were made on the pooled urine with the 
following results : — 


Average quantity of 

Average total nitrogen 

Average Njtig per 

N — per man 

urine per man daily. 

per man daily. 

naan daily. 

daily. 

C.C. 

Grms. 

Grms, 

Grms. 

1670 

9-26 

0-829 

0*682 


That is the percentage of the total nitrogen that is eliminated in the form of am- 
monia is 6-82 or 0-829 grms. per man daily. 


2 0 2 
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It collating these results we see at a glance their full import 

{^) 20 Bengali prisoners on mixed diet excreted 0-85 grm. NH 3 per man 
daily, which is 7-92 per cent, of the total nitrogen of the urine 
{^^) 20 Behari prisoners on Behari diet excreted OBIT grm. per man daily; 

■which is 7 62 per cent, of total nitrogen of the urine. 

(m) 20 Behari prisoners on Behari diet excreted 0-829 grm. per man daily, 
which is 6-82 per cent, of the total nitrogen of the urine 
TOle the observations show that the addition of meat and fish caoses a higher 
actual and relative eticretion of nitrogen in the form of ammonia-and in the 

BengahpnsonHsonmi^d diets this wouldhave beenstiU more marked, had it not 
been that certain diets containing no animal food are inelnded— the important 
^mt would appear to be the consistently high proportion of the total nitrogen 
that IB elinunated in the form of ammonia, whatever the diet may be. It will be 
further noticed that this proportion is lower the higher the level of nitrogenous 
equi 1 num reached, i.e., the percentage of nitrogen ehminated as ammonia 
vanes inversely with the total nitrogen excretion. 

The question naturally arises as to the explanation of this high ammonia 
fector in the nrine compared with the generally accepted 3 to 6 per cent, in 
uropeans. If we had found a low percentage of the nitrogen excreted in the 
^ orm o urea we might have looked on a relative acidosis as affording a plausible 

to offer further than to remark that it has been noticed by other observers that a 
ID the level of nitrogenous metabolism to 7 or 8 grms. seems to be accompanied 
by a nse in the proportion of ammonia-as a normal event, and quite apar^ from 
the presence of unna^ organic acidsh While this may be true for Europeans we 

intestinal putrefaction and the absorption of 
indoxyl compounds reqmrmg for their neutralisation strong bases, and among 

these ammonia, is a much more likely explanation. This view is borne out hTthe 
researc es o r. I. M. Mullicks on the urine examination of some 500 students 
and seemngly healthy individuals in Calcutta, amongst whom he found that 
a.out 40 per cent, had indican in their urine muchfn exc.s of whlt ly b 
considered the normal amount. 


W fbuu ave tbe lluauB^'X “^y 

Spriggs : Quarterly Journal of Mejicine, April 1909^ — 

' MulHck : Calcutta Medical Journal, May 1909 , 
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In order to obtain some information on this problem the following investiga 
tion was carried out : — 


TABLE XXV. 

Two batches of prisoners — one Hindu, one Mahomedan — were put on exactly 
the same diet for three days before the collection of their urine began. 

The diet was — 


Bread 

Mutton 

Fish 

Rice 

Potatoes . 


8 ozs.'^ 

12 „ 

6 ,. {» Calculated value of this diet in nit- 
4 „ rogen 16‘29 grins. 

4 .. J 


F our Hindu prisoners observed for five consecutive days. 


Batch A. 


Pour prisoners, Hindus 


I 

Quantity 1 
of urine, j 

1 

Weight of 
prisoners. 

Total IST. 
of urine. 

ac. 

Lbs. 

Grms. 

6830 

124'2 

49-43-^ 

6500 1 

124-1 

49-32 

4980 

124-1 

50*33 y 

5040 

124-2 

61*88 

5470 

124-1 

56*51.. 


Value of diet in nitrogen 
for batcli. 


50'33 1 1 65'16 grms. each day. 


Four Mahomedan prisoners observed for five consecutive days. 


Batch B, 


Boar prisoners, Mahomodans 


6450 

124-3 

60-25“-] 

4170 

124-3 

48*74 

3970 

124-2 

65*64 ] 

3920 

1 124-3 

60*52 

4«20 

124-2 ’ 

65-66- 


f 65- 16 grim, eaoli day. 
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What do we learn from these results ? 
Batch A— 

Total Hitrogenof urine 

Constant 0’5 grm. per man 

Total nitrogenous metabolism . 


Batch B — 

Total nitrogen of urine 
Constant O' 5 grm. per man 

Total nitrogenous metabolism 


267' 47 grms. 


277-47 „ 

13 87 grms. of nitrogen per man daily. 

85 16 per cent, of the nitrogen of the diet. 

270'81 grms. 

10-00 „ 

2808-1 „ 

=14-04 grixs. per man daily. 

—86 19 per cent, of the nitrogen of the diet. 


That IS, ptaettoaUy identioal results ate obtaiued for the two classes when they are 
on the same diet for the same length of time and under the same conditions So 
that It would not app^r that the Mahomedan absorbs a higher percentage of the 

tSa“n&* “ absorbed by 

teic observation is the high percentage of pro- 

tem ataiM from a diet which may be considered almost European in type. It 
IS donbtfnlif much better absorption could take place from a diet of this IdL than 
that slmwn by these batches of Hindus and Mahomedans. So that we are faiZ 
justlfled m opnung that the degree of nitrogen absorption depends largely on the 

manner m which the protein of the diet is made up, and not on the absorptive 

*0 

■Voitl and Craemei^ discovered many years ago that persons who have been for 
years accnstcmed to one form of diet absorb its constituents no better ttan 
hose to whom such a re^en is a comparative novelty. Further, the large unm- 
of Obs^tions winch have been made on different persons with immon 
artides of food have failed to eUoit any striking disparity in the decree ofT 

sorption.3 Rom the results of the present investigations we are in° a pol, on 

to endorse these opinions to a very great extent; the exceptions would '^appear 
to be bmught out by a comparison of the absorption obtained from the e 
of the plams and the hill-tribes of Bengal. ^ ^ 

To this, however, we shall return in Part II. 

1 Voit : Zeit. f. Biologie ISSo! ~~ ~~ *” 

, 2“*- Pliysiolog. Cbemie. 1S82. 

^ Hutclimson ; Food aud Dietetics 



PART II. 


The relationship of Food to Physical Development. 

“ It IS food that supplies the material for that perpetual series of transforma- 
tions in whmh life consists, and it must be adequate in quantity and suitable in 
quahty if these transformations, of so many different kinds, in so many different 
organs, are to_ proceed with that nicely balanced adjustment that is known as 
health, nutrition is therefore unimportant branch of preventive medicine."’ i 
in our work so far we have had no necessity to face the much-discussed ques- 
tion raised by Chittenden, m., what is the proper daily protein intake necessary 
to meet the needs of the body Much has been said, and well said, for and against 

e views put forward by Chittenden. In the piesidential address from which we 
quote above, published in the Journal of the Eoyal Institute of Preventive 
Medicine, Sir J. Cnchton-Browne deals with the evidence for and against in a 
masterly manner. His general conclusions-and in these he is in agreement with 
, most Ein-opean physiologists, so far as Europeans are conceimed-are that 
Chittenden s views and standards cannot be accepted in their entirety. At the 
same time it must be admitted that in the “ Physiological Economy in Nutrition ” 
and in “ The Nutriticm of Man” Chittenden makes out a very strong case, founded 
on the most painstaking and laborious experimental study. In some researches 2 
on the metabolism of the Bengali and on his nutrition, we have shown that the' 
average native of Bengal on the ordinary diet of the province— rice and dal— 
reaches an even lower limit of nitrogenous metabolism than any of Chittenden’s 
subjects. We found that students and members of the fairly weU-to-do classes 
exist on a metabolism of less than 40 grms. of protein per man daily. The great 
mass of the population are on an even lower scale than this. 

These results bear out Chittenden’s views as regards the possibility of man 
existing on a protein content of the general diet less than one-half of the ordinary 
standards and, so far as that goes, we freely admitted that the protein metabolism 
of the Bengali confirmed and corroborated his opinion. 

It was when we tried to judge the effects of this dietary on the physical de- 
velopment of the race, their capacity for manual labour, the condition of their blood 
and tissues, and above all their resisting power to disease and infection, that we 
were forced to part company from Chittenden and the opinions he has expressed 
with regard to the great beneficial effect of a reduction of protein on mankind. 
We showed— by observations on students, prisoners and serrants of this College 

* Seientifio Memoirs No. 34. Government of Itidia. 

' '' ' „ . , ■ 
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and by an analysis of tbe records of tbe physical development of Bengali and Anglo- 
Indian students in the same College, under the same climatic conditions, doing the 
same work, but onadifierent diet — the miserable standard of the Bengali’s physi- 
cal development, seemingly entirely due to the low scale of protein absorption. 
Without entering into any detail of the work carried out on these lines we may state 
that, from the evidence brought forward, we had to admit that, while it is quite 
possible for an individual or the members of a whole race to live on the metabo- 
lism of 6 grms. of nitrogen daily, the results of this on their general well-being,’ 
health, physical development, vigour, resistance to infection or even immunity 
from kidney disease were not such as to confirm a belief in the sufiGlciency of 
Chittenden’s standards. 

In our work on the nutritive value of Bengal jail dietaries we were relieved ' 
from aU necessity of looking at this side of the problem. The prison diet scales 
have now been in use for over twenty years and there has never been any doubt 
as regards their sufficiency, the general opinion, on the contrary, being that they 
were much more liberal than was necessary. ' • 

Accepting the established fact, therefore, that the dietaries were sufficient, all 
we had to do was to estimate the average level of nitrogenous metabohsm from 
those scales, and use this as our standard of the protein requirements of Bengali 
prisoners. 

. In accordance with oui belief in the favourable influence of an excess of pro- 
tein over bare sustenance, it has been our object in framing new diet-scales to raise 
the level of protein metabolism for both Bengah and Behari, by suggesting mea- 
sures to decrease the bulk of the diet, and thus permit of a better absorption and, 
at the same time, to add some of the more easily assimilated proteins such as are 
furnished by wheat ata or an animal protein to their dietaries. 

It will, therefore, be evident that our proposals are in direct opposition to the 
views expressed by Chittenden and his followers. According to his results the 
metebolism of 012 grm. of nitrogen per kilo of body-weight daily is aU that is 
necessary for the protein requirements of the body. “ These are perfectly trust- 
worthy filgures with a reasonable margin of safety and carrying perfect assurance 
of really being more than sufficient to meet the true wants of the body, adequate 
to supply all physiological demands for reserve protein, and able to cope with the 
erratic requirements of personal idiosyncrasies.” 

How do our results and proposals compare with this standard ? 

We have seen that the average nitrogenous metabolism of Bengali prisoners on 
Lower Bengal jail diets works out at 7‘55 grms. per man daily. 

IVom analyses of over 30,000 weighments^ the average weight of the prisoner 
IS 50 0 Mlos. This means the metabolism of 015 grm. nitrogen per man daily-— 

' Scientifio Memoirs, Government of India, No. 34. 
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a quantity that Chi fctendein^’oiildconsideT excessive, partiouhiriy so, when the 

argc carbohydrate and fuel value of their present dietaries is taken into- 
account. 

The Behan, we found, averaged a nitrogenous metabolism of 9’50 grms. per 
man daily ; Ms body-weight may be taken in round numbers to be, on the average, 
55 kilos. This means the metabolism of O’ 173 grm. of nitrogen per man daily, 

again very much in excess of what Chittenden would consider the protein require- 
'ments of the body. ^ 

Our proposals would increase the nitiogenous metabolism of the Bengali on 

•the Lower- Bengal diet up to 9*00 gi-ms. per man dailv orOlSO grm. nitrogen per 

.kilo of body-weight, wMle the suggested diet scale for the Behari would permit 
of a mtrogenous metabohsm on even a Mgher level than at present. 

The effects, therefore, of the proposed changes in Bengal jail diets would be to 
increase very considerably the protein metabolism of the Bengali and slightly so 
that of the Behan, while at the same time getting rid of some of the excessive 
: carbohydrate and heat value of the dietaries, the beneficial efiects of wHch we 
have already fully discussed. This is entirely at variance with Chittenden’s 
views, as according to Ms standards the dietaries are already excessive in both 
protein and carbohydrate. The question, therefore, arises, is there any necessity 
to raise the level of the protein metabolism of the prisoners ? 

We have given one very good and sufficient reason, the urgent necessity to 

obtain a Mgher percentage of protein absorption and thus reduce to as low a figure 
as possible the large protein waste by the bowel, thereby lessening putrefaction. 
TMs we have shown can be done by. decreasing the rice and dal of the Bengali diet, 
and the rice of the Behari. The necessity of raising the level of nitrogenous meta- 
bolism by the addition of a more assimilable protein is on a difierent footing, and 
to a consideration of tMs question we shall now turn. 

We shall not go into details regarding the criticisms that have been made on 
Chittenden s proposals, or the experimental evidence that has accumulated against 
them ; we shaU content ourselves with stating the results obtained from our woric 
in Bengal, and the practical deductions to be drawn therefrom. 

One or two points we should like, however, to refer to as they will be found to 
have a somewhat close relationship to the conditions present in Bengal. 

CMttenden’s standard of protein food is less than one h alf of that of Voit, and 
conflicts violently with the common practice of the majority of mankind. “It is 
an initial objection to CMttenden’s views which is not easily met, that it contra- 
venes all human experience. If he is right, then all the world up to this time has 

been wrong. It is Chittenden contra mundum deep down, beneath all 

superficial fluctuations and gradual evolutions there are certain fundamental, 
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mstmctiye autritional demands that cannot be interfered with without risk These 
are embodied in old time tradition and customs, and one of these is a demand for 

w!u]TaUow*t " Chittenden 

How do these hereditary instincts and customs in the formation of his dietetic 
habits and m the choice of food stand with respect to the BengaH ? We may at 
once say that another factor, and a yery important one as regards the great mass 
of mankmd, comes in, viz., the cost of food materials. 

Tie Bengali lives on the cheapest food available and. in a country not vet 
thoroughly opened up. the cheapest food is usually the home-groTO product We 
therefore, find the BengaH Hving almost entirely on his home-grown rice and dal • 
the Behan on hn home-grown rice, dal and ata ; the hill tribes, which we shaH have 
to deal wath sepmately m tins connectiou. are not satisfied with these simple vege- 
table materials but demand a much more varied and costly diet. ® 

The BengaH or Behari is in the great majority of cases only a yegetarian bv 
foiee of eiroumstances : where he can aflord other additional items as feh. milk or 
mutton, he readily avails himself of the opportumiy of thus increasing his assimil- 
able protem mtake. Ihia desire for nitrogenons food and partioidarly food of an 
animal natee was well brought home to us in the feeding eirperimenta on prison 
when the pronuse of meat, or the threat of withholding it, was quite suLent 
0 mduce the prisoners to carry out without a murmur whatever was desired of 
them. Itwasfariher exemplified by thedifliculty that we sometimes experienced L 
havmg fish or meat cooked without a fair proportion of it disappearing . this neoes 
silnted our havmg to place guards over the meat untH it had been Lribu J to 

« ! r P«»Pfe. however cat 

only aflord the cheap home-grown nee and dal with occasional additions of more 

palatahle elements Iheirlnstinots. lietefore, for a better form of dietary are heM 

m check by an mabihty to meet the cost of gratifying them. In order to make up in 

quantity for defieimoy m qnahty we find that the BengaH has accustomed hirLu 

to consume wtat to a European seem enormous quaurities of rice and even dal • 

tKe same also is true to some extent of tlie Behari. ^ 

We know what the results of this Hmited diet of rice and dal in the Bengali nr 

nc, ,M and ata m the Behari mean as regards the level of nitrogenous xSl 
ism. We have shown previously that the average amount of probm™ 

mfKtrt would be more accurate to caUit almost protein slLatS. to*-. 
not by any means so marked in the Behari, who. with part of his diet made^ of 


J Sir James Crichton-Browne ; he. eif. 
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We may conclude, therefore, that the people of the province of Bengal a] 

on wLXr^aM’'t“\r “* oiromuBtanoea-aat they U, 

on What they are able to obtain, and not on rice and dal torn tree choice • 

pyen he opportunity of obtaining animal food, they readily and m-eedily aya 

theinaelyeBofit;that,in orderto proyide for an absorption of proSSaSaSn 

MMnmed^ri ''*’7 large quantities of rice and dal haye to b 

fh It e ■ + r ^g 0 > as we found in the ease of prisoners, that the actual bulk c 
the diet interferes with its absorption. TOle this is true for the mess of th 

1« BengaCandto*: 

soril^M dw ‘•'o P^opk af ‘iaae compul 

y hrmted dietaries, which are characterised not so much by a deficiencv ii 

X's.'ti'r:*' - —I r»xit=x: 

resoMritlll®'’^!,™ .*? o* ‘ieae '^eta on the Bengah and Behari 

ClittendeJlTtanteds. “ 

+ A f ^ S'f^^dy of dietetic customs those most widely dissemr 
thosf c"o fi by many races and yast populations are of higher yahLy thai 

hose confined to small communities, and further, that the practices of the more 

Ln / d- 1 affluent classes of a nation are more likely to w>’d 

flat! ^ban the practices of the more backward races andpJorei 

classes. The former haye greater freedom of choice, and their success in the stL^^ffl^ 
for esstence is eyidence of the snitabflity of their food habits. All the sncoestfal 
laces haye habituaUy consumed protein far in excess of what was required for tissue 
lepair and far in excess of Chittenden’s standard, and when we find a definite le- 
ation between protem consumption and racial success that is good ground for be- 
lioying that behind it there is a biological law.” ^ 

Further, Benedict 2 states “Dietary studies all oyer the world show that iu 
communities where productiye power, enterprise and civilization are at their 
highest man has instinctively and independently selected liberal rather than 
small quantities of protein.” He instances the immense improvement that takes 
place both in physique and morale of the negro and “ poor white ” of the 

Southern States, and the Italian labourer in South Italy, when fed on a higher 
protein diet. ^ 


1 Sir James Criohton-BrowBe : Joe. «it. 

2 Benedict : Am. Jburn. ol Bhysiology. 
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Mtti ^ expresses the conviction that th.e proportion of protein in a diet is 
one of the great determining factors in the productive capacity of a nation. 
We need hardly instance, in this connection, the rapid and remarkable rise of Japan 
amongst tbe nations coincident mth a vastly increased consumption of animal 
food, or the recorded fact that during the late war the Japanese troops had a more 
abundant protein diet than any other army in the field has ever enjoyed. 

There is, therefore, a fairly general consensus of opinion that the sociological 
conditions, enterprise, vigom* and physical development of a people are intimately 
bound up with the quantity of assimilable protein in their dietaries. These 
influences of dietaries, and the effects of the different amounts of protein offered 
capable of absorption, are remarkably well brought out by a study of the general 
status and physical welfare of the different classes of the inhabitants of Bengal. 

I. The Bengali . — ^In our work on the nutrition of the Bengali, ° aheady 
more than once referred to, we showed, from observations on the urine and blood, 
how very low the level of interchanges going on within the body was — the 
total nitrogen undergoing metabolism being only about one-third that of Euro- 
peans. The only comparatively high figure we obtained was for sulphates, pointing 
to a higher degree of intestinal putrefaction in the Bengali than in Europeans. 

Similarly with regard to the chemical analysis of the blood we found a higher 
percentage of water and a lower percentage of total solids and protein : the haemo- 
globin was markedly reduced and the blood pressure was on a distinctly lower 
level. We found that the result of these conditions was markedly to modify the 
physiological requirements of nutrition and, to a considerable extent, affect tlie 
growth and power of muscular contraction of the average individual, whose nitro- 
genous tissues are not given the option of drawing their nutritive material from so 
rich a source, nor have they the same opportunity of obtaining as free a supply of 
oxygen. We concluded from this study that a people on a diet, from which only 
37 ‘50 grms. of protein are absorbed, live in a more or less chronic state of nitrogen 
starvation, leading to a loss of body-fat and tissue-protein with an accompanying 
loss of vigour and strength and a comparatively low capacity for prolonged or 
sustained muscular effort. Erom the evidence as to physical development we 
showed that the general physique of the Bengali was on a par with his diet, and 
that a close relationship existed between the poor physical development of this 
people and the meagre protein absorption postible from the diet on which they 
subsist. 

This was particularly well brought out by an analysis of the recorded weigh- 
ments, chest measurements, and heights of Bengali and Anglo-Indian students 

1 Kitti: The Eooxioinie Journal, 1896. 

2 Scientific Memoirs : No. 34. 



during tlie several years of attendance at one of the residential Colleges in 
Calcutta. Under the same conditions but on difierent diets we saw that ; — 

(^) Compared with an average increase in body-weight of 2 lbs. in the case 
of the Bengali students on their diet, there was an average increase 
of 14 lbs. in Anglo-Indian and Em*asian students over similar periods. 
{ii) Of the Bengali students 42‘8 per cent, showed a diminution of w^eight 
compared with 2 per cent, amongst the Anglo-Indian students, in 
a comparison of the weights on entrance and at the end of the third 
j^ear : of the Bengahs only 15*3 per cent, gained weight continuously 
; College, whereas practically all gained weight continuously 
^i^ongst the Anglo-Indian students. 

{tti) The chest measm*ements bear out the same conclusions : the Bengali 
practically remains unaltered, whilst the Anglo-Indian increases his 
chest-girth very considerably. 

The diets on wliich these results were obtained were : — 


I— Bengali Students. 

Protein 67* 11 grms. (of which 9*3 grms. were 
derived from an animal source). 

Carbohydrate . . 548*73 grms. 

Pat . . . 71’55 ,, 


II — Anglo-Indian Students. 

Protein 94*97 grms. (of which 38*32 grms. were 
derived from an animal source). 

Carbohydrate . . 467 *00 grms. 

Pat . . . . 56*20 „ 


Comment on these results is unnecessary. The figures were obtained from tbe 
records of the medical officer of the College and were worked out in collaboration 
with F. E. Dempster, Esq., C.I.E., who makes statistical work one of his hobbies. 
They show very conclusively the results to be expected in growing lads from diets 
deficient and rich respectively in absorbable protein. 

The further evidence brought forward regarding the physical endurance, 
capabiHties'^of performing work and the experience of life insurance companies, 
all place the Bengali on a low plane of physical development. The general 
consensus of opinion also showed that his power of resistance to disease was 
markedly inferior to the more highly-fed European. Even in the very condition 
that Chittenden lays such stress on as most likely to be avoided by a decrease in 
the protein intake, viz., renal disease, we find the facts do not bear out bis conten- 
tion ; renal disease being more common amongst the ordinary working population 
of Bengal— and very much more so amongst the higher classes in combination 
with diabetes — ^than amongst Europeans in Europe or India* This is all the more 
remarkable in a country where scarlet fever is unknown, and amongst a 
people where the consumption of alcohol is, comparatively speaking, negligible. 
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Tlie general conclusion to be drawn tcom these investigations on the Uengali 
is that his physical development — the actual amount of protoplasmic tissue as 
distinguished from fatty tissue— is only such as could be expected from the miser- 
able level of nitrogenous metabohsm to which he attains — is on a par, in fact, 
with his diet. 

We have seen that the average Bengah^s nitrogenous metabolism is 6 gims. 
per day — the prisoner’s being7'55grms. — and that it is our aim to raise the latter 
.to 9 grms., or 0'180 grms. per Idlo of body-weight. 

II. TheBeJiari.—We have no very detailed study of the Behari to present, but 
such is not absolutely essential for our present purpose. As admirably pointed out 
by Benedict, experimental evidence is rapidly accumulating to show that the 
quantity of food required has a very intimate relation to body-weight, and that 
the actual amount of protoplasmic tissue apparently exercises a marked influence 
onthefoodrequirements. Theconverseof this most certainly holds in the develop- 
ment of the individual and in different races, i.e., the muscular development may 
be looked on as a function of the diet or, more particularly, of the absorbable 
protein of the diet. In this connection we may instance the bormtiful supply o £ 
protein provided by nature in the milk of the mother for infant nuxtm’o ; the success 
that has attended the treatment of consumption and other diseases by the systematic 
.administration of a diet of high nutritive value ; the remarkable results obtained 
by the Weir-MitcheH line of treatment :in all of these the protoplasmic tissues arc 
being built up by increasing the nitrogenous intake, in some cases, ouormousl}'. 
Further, it is very probable that the great decrease in the incidence of phthisis 
in England is largely due to the superiority of the present-day dielaiies of the 
mass of the population. 

When we examine the Behari and contrast Mm with the Bengali wc find that 
he obeys the same biolo^cal law— his protoplasmic development is a function of 
the absorbable protein of his diet. We have seen that the Behari jail diet pi-o- 
vides for a level of nitrogenous metabolism wMch is 2 grms. per man higher than 
the Bengali diet. Accepting the same average for the food of the people of Behar 
generally, this would mean the metabolism of 8 grms. of nitrogen (the Bengali’s 
being 6 grms. daily). That is, the level of nitrogenous metabohsm is at least 20 
per cent, higher in the Behari than in the Bengah. In accordance with this we find 
in the Behan a much better physical development, greater capabihties for muscular 
exertion, a distinctly greater degree of vivacity, briskness and sprighthness of 
manner. The body-weight, and, what is really of most importance, the wtnal 
quantity of protoplasmic tissues, is also on a Mghec scale of development. It may 
be taken that the average weight of the Bengah is to that of the Behari. as llO 
lbs. to 120 lbs. This difference of lOlhs. on the average is practically entiwly to- 



be accounted for by the greater muscular development — the framework, etc., in 
the two people being, to all intents and purposes, the same. 

When we come to an esannnation of the hill tribes it will be seen that the 
characteristics mentioned above, the beginnings, as it were, of which are to be 
found in the Behari, are exceedingly pronoinent in the people around Darjeeling. 
They are so much in evidence that, if there were no other difierences, they would 
form an outstanding featm’e of demarcation between the Bengah and tribes living 
on a highly assimilable protein diet. In the hiU people there are no signs 
of the slackness, want of vigour, tonelessness, general slowness of reaction, and 
other physiological attributes difficult to describe, detect and measure, which, to 
those who have lived amongst the people of Bengal, form some of the distin- 
gtiishing characteristics of the ordinary working population. Self-absorption 
and want of interest in the incidents of every-day life, little power of attention, 
observation or concentration of thought— these are some of the attributes of 
all but the better classes and better- fed of the Bengalis. - The Behari does not 
show these characteristics to anything like the same extent, and for these and other 
reasons we may place him on a scale superior to the Bengali but inferior to hill 
men. We consider it will be readily admitted by those who Lave lived amongst 
both races that the Behari is, on the average, by fully 20 per cent, a more 
capable individual than the average Bengali of the same class. 

Now the q^uestion arises : Are there any other factors except differences in' 
diet that wiU satisfactorily account for this Mgher level of physical development 
and general well-being ? We believe that the presence of wheat as a component 
part of the diet sufficiently explains the situation ; however, we shall examine some 
of the objections that have been brought against the view that defective nutrition 
results from a low protein intake. 

Dr. J. H. Kellogg, perhaps one of the strongest vegetarian advocates in the 
United States, favoured us, through Professor Benedict, with the following eriticasm 
of our finding, regarding the important r61e played by diet, and especially protein, 
in the nutrition of the Bengali, published in the memoir already referred to : — 

“ The weakest part of the report from my standpoint is the remarks which 
che investigator makes in relation to the defective nutrition resulting from the low 
protein dietary. I do not think it is at aU fair to attribute the lack of endurance 
often seen among the Indians to the low protein diet. There are so many factors 
which certainly should be taken into consideration: among these axe their sexual 
excesses, the depressing efiects of the very hot, damp climate in which they 
live and which predisposes to lack of exercise, the injurious effects of excessive 

1 Tke iBhabitants of Bengal wlio live clo$6 to the sea-coast and rivers are said to he much more mttscnlar 
and capable of performing much more work than those inland ; hsh forms a large part of the diet of the ekss 
referred to. 
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pioloBged exposure to the actinic rays of the sun, the cause of clehilit} to uhh K 
Professor Woodruff of the United States army has been calhng attention with 
some considerable show of evidence. Still another factor of importance is the 
immature age at which these people usually marry. Many of the Indians, how- 
ever, are strong and robust people. I understand that an Indian regiment nmle 
up entirely of natives is the finest lot of men in His Majesty s Service. 

Nowin this apparently fair and honest criticism there are put forward sm-end 
definite causes to account for the acknowledged low standard of nutrition in the 
Bengali, with its accompanying inferior muscular development, lackof enduranct', 
and poor capacity for work. 

To enumerate these, — ^Dr. Kellogg thinks that sexual excesses, bad climate 
actinic rays of the sun, immature age of marriage are causes of more import- 
ance than diet in the defective development of the Bengali. 

We agree that these causes have undoubtedly an influence in retarding growth 
and lowering the general standard of physique, and, if there were no means of 
estimating their effects, it would be very di£6.cult to say that they arc not quite 
sufficient — as Dr. Kellogg believes — ^to account for the relative differences bei\\('ou 
Bengalis and Europeans. 

Many objections to them immediately arise, for instance as regards clinunc 
•and the actinic rays of the sun— Europeans, Eurasians and the better-fed Bengalis 
ail are equally exposed to these influences, yet retain their energy. Beximl cxccsm'S 
we have enquired into, and, while masturbation may be, and probably is, mure 
prevalent, excessive sexual congress is chiefly practised by the better classes who 
can afford luxuries and possess the stamina fully to satisfy their desires. Im- 
mature marriage is undoubtedly a factor, but there are customs with a tendeiu v 
to neutralise its ill-effects : the husband and wife do not live together until the 
wife reaches puberty— the husband is usually several years older than the wife, and 
the wife spends about one-tbird of each year away from her husband at her 
father's house or with relatives. Another effort of nature to maintain the standard 
is shown by the relatively higher death-rate amongst the children horn early in 
marriage life ; in fact the death-rate amongst children in a large city like Calcutta 
is appalling— showing the weeding out of degenerates in a very thorough manner. 
But, while these replies to Dr. Kellogg's criticisms are important in showing that 
his objections do not cover the whole ground, it is evident that they are too inde- 
finite to be measured and appraised at their full value, which would, even at the 
best, be only a matter of opinion, one school of thought looking on them from a 
point of view different to that of another school. 

In order, therefore, to get more defimte and precise information as to the 
effects of diet fer He we have extended our enquiries to different trib^and ia 
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ftifctire will do so to difierent races — ^in ■which the several factors enumerated by 
Dr. Kellogg are common to all, the dietaries forming the main point of difierence. 
In this ■way we can eliminate the influence of the s^un^’s rays, early marriages, 
climate, sexual excesses, etc., in fact everything except the r61e played by diet — or 
more particularly, absorbable protein — ^in the different conditions that go to make 
one class superior to another, or one tribe or race superior to another tribe or race. 

At present we are dealing ■with the Bengah and Behaii, and "we have no hesita- 
tion in stating that the Behaxi is a stronger, healthier, more capable indi^vidual 
in every respect than the Bengah — when the same classes are compared, such as 
the working cooly or the average prisoner in the jails of Lower Bengal and Behar. 

■ This fact is evidenced by the Beharis’ higher body- weight, and even stronger 
grounds for this opinion are afforded by the general appearance and demeanour 
of the two classes. They are altogether brighter, fitter and more energetic in 
their movements. 

The only possible explanation of these differences from Dr. Kellogg's stand- 
point would be the influence of chmate. Behar is drier than Bengal, and has a 
temperature shghtly lower in the cold weather, but much hotter during the summer. 

The differences in chmate, however, are only marked between the extremes 
of Bengal and Behar, whereas wherever we find a change from a diet of rice and dal 
to one containing wheat in addition the superiority of the Behari at once becomes, 
evident. 

All the factors that Dr. Kellogg lays stress on'are present in both Behar and 
Bengal and cannot account for the inferiority of the Bengali in physique and 
general capabihties. 

It may be concluded — so far as the evidence obtained by contrasting 
the Bengah and Behari goes — that diet appears to play the principal part in the 
formation of their respective characteristics and general bearing. The difference 
in diet, as we have seen, is the substitution of a certain amount of wheat ata for 
lice or — translated into its ultimate effect — ^the metabohsm of from 8 to 9 grms. 
of nitrogen daily for the average Behaxi, in place of the metabohsm of from 6 to 7 
gems, of nitrogen daily for the average Bengah. This line of investigation we 
hope to work out fully for some of the finer races of the plains of India and more 
particularly of the Punjab ; at present we must rest content with the e-vidence 
afforded by the metabohsm of the Bengah and the Behari, 

Before passing on to a study of the hill tribes we shall take up the last part 
of Dr. Kellogg's criticism, viz., “many of the Indians, however, are strong and 
robust people. I understand that an Indian regiment made up entirely of natives 
is the finest lot of men in His Majesty’s Service.” It could hardly be expected 
that one who had never been to India would be in a position to differentiate between. 

2 E 
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the different races ; so that the inclusion of the Bengah among the great fighting 
races of India is, therefore, quite easily understood. Nor would the point have 
called for any comment had it not been that the true facts afford still further evi- 
dence of the important r6le played by diet. The Bengali has never, so far as we 
are aware, in modern times been recruited for the fighting line, and, although many 
regiments were called Bengal Infantry, Bengal Cavalry, etc., not a single man 
carrying a rifle could claim Lower Bengal as his place of birth. We have no desire 
to labour the point, but the question arises : Why is the Bengah unfit for the fight- 
ing fine when other inhabitants of the plains exposed to, and suffering from, practi- 
cally all the disabihties that Dr. Kellogg enumerates— but on a superior diet— are 
•capable of exhibiting the firmest courage and maintaining untarnished the great 
fighting traditions of their race ? Thus we have the Sikhs, famous throughout the 
world for their endurance and fighting quahties, inhabitants of the hottest plains of 
India, yet men of splendid physique and full of energy; the Dogras, the Jats, 
Eajputs, all well-known for their own special qualities on the Indian frontier or 
wherever courage, determination and endurance are called for. These races labour 
under the disadvantages advanced by Dr. Kellogg to explain the relatively poor 
'development of the average Bengali compared with Europeans or the warhke races 
abovementioned. E\-en in the various classes of these and allied races differences in 
physique, muscular vigour, hardiness and all those quahties that go to make up the 
perfect soldier can be detected. W e beheve and already have obtained a good deal 

of proof that diet, and particularly the level of nitrogenous metabolism attained 

has an immeme influence on the formation of these most desirable characteristics 
of the races whence is drawn our best fighting material. Further, although we have 

^ against vegetarianism, it will be 

iwi rr"’ 1 are distinguished 

above all others for their manly quahties, are never vegetarians, but, on the contrarv 

usuafly large meat-eaters. The Sikh lives on wheat, vegetables and meat, par£ 

cularfy pork for which he has a special hiring. TheEajput, Pathan, Baluchi etc 

are aU meat-eaters, while the more or less purely vegetarian races-such as the 

Brahmins are gradually undergoing eHmination as recruiting, sources for the 

Man army. We shall say no more on this subject at present except to po ni 

•outtha the e^dence bears out the results obtained by contrasting tL BeCh 

and Behan. Further, that ehmination of the several causes advanced W 

Dr. Kellogg from our comparison of tribes or races hving under ideutic.i 

tions as regards sexual excesses, chmate, immature marriage, etc brings outTn its 

proppspect the determining influence of diet on the character-formation of I 

people. Among those tnbes where animal food is consumed «« « i ^ ^ 

■of the diet, the bolder and more adventurous spirit displayed bv the 

..no doubt 



211 


says, that large meat-eaters are generally more cruel and ferocious than other- 
men.” 

Experiments carried out by feeding one series of young monkeys on vegetable 
and another series on a highly animal diet confirm the same opinion — the meat-fed 
animals developing into much stronger and far more ferocious adults than those 
fed on vegetable material. As ’we have seenin the 'W'ork on the nutritive value of 
the Bengal jail diets, the addition of meat in any form is a certain means of raising 
the level of nitrogenous metabolism. All the evidence -we have hitherto been able 
to obtain points to a high level of protein interchange in the body being accom- 
panied by a high development of physique and manly qualities, whilst under the 
opposite conditions, poor physique and a cringing, effeminate disposition alone 
can be expected. 

In a sentence, we may conclude that manliness in a race is a function of its 
diet, and that as a rule “ a low state of nutrition is accompanied by torpor or per- 
version of conscience ; famine has not rarely brought rapine in its train.” The 
truth of this conclusion appears from our work on the Behari and Bengali and is 
supported by the facts stated regarding the Sikhs, Bajputs, Dogras, Jats and 
Brahmins. However, as we have not yet noade a detailed study of these tribes, at 
the present time we simply instance them to show that the factors that Dr. Kellogg 
lays stress on are insufficient to account for the low developmental conditions of 
the Bengalis, when contrasted with the Beharis or with any of the great fi.ghting. 
tribes of the plains of India. 

We consider it probable that a thorough survey of the food customs of these 
Indian tribes, with careful observation of the effects on their respective develop- 
ment and character, will go a long way in helping to clear up niany of the points 
at issue between the Chittenden school and those opposed thereto, and between 
vegetarians and those who believein the advantages of an animal protein forming 
a fair proportion of the total nitrogen of the diet. 

Ill, EUl-tribes of Bengal . — By far the best specimens of the hiU-tribes of 
Bengal are to be found in Darjeeling district and its neighbourhood. 

They may be divided into two great classes, each with two sub-classes 
I. Btutias, 

1, Tibetan Bhntias and Nepalese Bhutias. 

2. Sikkim Bhntias or Lepchas. 
n. Nepalese, 

1. Chnttries — ^bi^er classes (Brahmins). 

2. Matwales (Mangar, Jmidar). 

These tribes inhabit hills whose height is about 5,000 feet above sea-level. The- 
chmate is not so cold as that of England— misty and wet during most of the 
summer months ; cold, bracing and clear in the winter. The contrast between 

2 B 2 
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tlie Bengali and the inhabitants of these hills is exceedingly marked. They appear 
more like people of difierent parts of the nniverse rather than neighbonxs separated 
by barely 50 miles of country. Some of their more prominent characterist cs have 
already been alluded to, and strike the new-comer very forcibly. The men, women 
and children are jolly, light-hearted, always laughing, joking and chatting, the 
children playing, skipping, singing as they run about, very much in the way children 
do in England. This is all the very antithesis of what will be found in Bengal 
proper and Orissa. The children in Bengal are poor, miserable, pot-bellied little 
creatures with little or no joy in their hves compared with these happy-looking, 
well-fed children of the hills. The hill-people generally are healthy, strong and 
well-developed, some being of really fine physique ; they are full of energy and 
capable of the most arduous and sustained muscular exertion. 

The loads that even the women and half-grown children are capable of carry- 
ing up the steepest hills are incredible and, until seen with one’s own eyes, would 
certainly not be beheved possible. 

So far as could be gathered, two factors account for the marked contrasts 
between the Bengah and these hill-tribes, viz., climate and diet. The other factors 
mentioned by Dr. Kellogg are even more in evidence, particularly sexual excess('s, 
than in Bengal. While we have no doubt chmate has a great deal to do with the 
higher scale of general development and capabilities, that it is not the whole story 
‘can be shown by a comparison of the several classes hving under practically iden- 
tical conditions but with difierence in dietary forming the one outstanding 
influence on their respective attributes. We can thus by a study of the diflerent 
classes'ehminate to a very great extent the effects of climate, and appraise at its 
proper value the influence of the different dietaries on the physique and general 
well-being of the mass of individuals forming the several tribes. 

We shall take up the facts that we have been able to collect under the follow- 
ing headings : — • 

(1) Facts of physical development. 

(2) Different diets of the several classes. 

(3) Investigations on nutrition of prisoners in Darjeeling jail 

(4) Conclusions. 

(1) PJiysiml development.~As the number of prisoners in the Darjeeling 
jail was very limited— these tribes are usually very well-behaved, only rarely 
committing serious crimes— we had to make arrangements for collecting the 
required information outside the jail This we were able to do in the bazaar, 
hospital, Bhutia villages, amongst coolie gangs, etc. The following summary 
gives the results obtained :— 

Bhutias . . . 140 men examined. 

(a) Tibetan Bhutias. 
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Heiglit varies between 5 feet 6 inches and 5 feet 7 inches. 

Tallest — 5 feet 9 inches. 

Shortest — 5 feet. 

Chest girth varies between 35 and 37 inches. 

Greatest — 38 inches. 

Smallest — 32 inches. 

(&) Sikkim Bkutias commonly called Lepckas. 

Height varies between 5 feet 4 inches and 5 feet 6 inches. 

Tallest — 5 feet 7 inches. 

Shortest — ^5 feet. 

Chest girth — the same as in the Tibetan Bbntias. 

(Pure Lepchas are slightly smaller in stature than these.) 

Nepalese . . .64 men examined. 

Height varies between 5 feet 2 inches and 5 feet 4 inches. 

Tallest — 5 feet 6 inches. 

Shortest — 4 feet 8 inches. 

Chest girth varies between 32 and 34 inches. 

Greatest — 36 inches. 

Smallest — 30 inches. 

Nepalese Bhutias are probably the finest specimens of manhood amongst the 
hill-tribes. They eat up to 2 lbs. of meat per day. Coolies drawn from this source 
have been found to give the greatest satisfaction in expeditions and explorations 
of the Himalayan ranges. Although the Mil-men as a class are naturally healthy 
and hardy, the Bhutias as a general rule are stronger and better developed than 
the Nepalese — the Tibetan Bhutia being a particularly muscular hard-working 
individual ; most of the hard work, such as carrying dandies, rickshaw work, etc., 
being done by them alone. 

The women are equally well-developed and capable of the hardest work. Even 
the young girls tMnk notMng of carrying the heaviest trunks or boxes up the 
very steep paths and roads in Darjeeling and its precincts. 

It may be taken generally that the Bhutias do the greater part of the hard 
labour; the Nepalese are usually to be found working as ordinary coolies or as 
servants. 

It will be observed from tbe statistics collected that the Nepalese are con- 
siderably smaller in stature than the Bhutias. They are also less hardy and less 
muscular. 

The development of the neck and calf of the Bhutia is very marked for their 
height— an average of between 14 and 15 inches being obtained from the measure- 
ments. 
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The calf is well-developed also in tlie Nepalese, but on a somcwliat lower scale 
than in tbe Bbutias. 

Tbe Bbutia from Ms earliest years is aocustonaed to tlie carryijig of weigbts — 
and usually tbe lieaviest weight that he can just stagger under ; as years go on and 
strength improves Ms capacity for weight-carrying gradually increases until in 
aduitlife weights of 200 lbs* and over are easily managed, A working cooly 
will go on carrying such burdens all day— making trip after trip in a way 
never seen in Bengal. The constancy of the Bhutia’s worldng capacity is 
another noticeable feature when contrasted with the methods of the Bengal cooly, 
who, after even the slightest exertion, must have a rest and if possible a sleep. 

Amongst the Mil-tribes themselves the Nepalese and Tibetan Bhutias arc the 
finest men in every respect, next come the Siiddm Bhutias and then the Nepalese. 

Let us enquire what the dietaries of tliese tribes show, 

(2) The different diets of the several classes . — In order to get the necessary 
information on tMs important point we enlisted the assistance of an Assistant 
Surgeon — ^Assistant Surgeon Swolle — who is Mmsclf a hill-man and has full know- 
ledge of the language and customs of thedifiexent tribes. With his help we were 
able to obtain very precise information. The following list gives some Idea of 
the dietaries of these people under their natural conditions : — 


I. — Bhutias. 

(a) Tibetan Bhutias, also Bhutias from Bhutan (dandywallas, coolies, ele.> 
who perform the hardest work). 


Bice 24- to 2B ozs.”' 

Heat (beef generally or mutton) . 16 to 20 ozs. 
Yegetables (potato, cabbage, carrots, 


etc. .... 

. 6 to 10 02 s. 

Butter .... 

4 om 

Bread .... 

. 0 to 8 OKS. 

Cheese .... 

. 2 OKS. 

Alooholic liquor, a home 

product 

called murwa . 

. 2 pints 

or 



Tea prepared with 1 02 . of tea, butter I 

and soda . . . . • . Q. S. J 

(5) Diet of Tibetan Lamas (priests and those 
as the dandywallas, etc.). 


Average value of the diet com* 
puted to be worth 28 grms. 
nitrogen or 175 grms. protein, of 
which well over 60 per cent, ia 
derived from an animal source. 


who have not such hard work 


Bice **»*«. 3 8 to 22 
Heat . . . . . , 14 to 18 02 s. 

V^etables as before . . , 6to 8 02 s* 

Chutto {& food^^prepared from pulse) 8 ozs. 
Alcohoho hquor • * * . 1-— *2 pints 


Average value computed to be 
26*6 grms. of nitrogen or I# 
grms. of protein of wiMi ov^r 
60 per cent, is derived tea a 
animal source. 
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(c) General diet of the more 

Bice 

Meat . . , . 

Vegetables 

Cheese ..... 
Alcoholic liquor 

(d) Diet of Sikkim Bhutias 

Bice 

Meat 

Vegetables, wine, etc. . 

Dal . . « • . 

(e) Diet of Lepchas (poorer 

Bice 

Meat .... 
Other items same as before. 


poorly-fed classes who earn lower wages. 

. 16 to 18 ozs."^ Average value computed to be 24 
16 ozs. grms. of nitrogen or 150 gims. 
8ozs. y protein of which over 70 per 
2 ozs. } cent, is derived from an animal 
2 pints J source. 

(hard working classes). 

. I60ZS.I. Average value of the diet com- 
16 ozs. j puted to be worth 21 gmas. 

. as before r nitrogen or 131 grms. protein 
2 ozs. I of which over 70 per cent, is 
J derived from an animal source, 
classes of Sikkim Bhntias). 

. 28to30ozs.'l Average value of the diet 18*6 
. 8 to 10 ozs. j grms. of nitrogen or 115 grms. 

r protein of which about 60 per 
! cent, is derived from an animal 


8 to 10 ozs. 


source. 


n— Nepalese. 

(a) Matwali of the higher classes — Ohuttries. 


Bice ..... 16 ozs.^ Average va] 

Dal ...... 4 ozs. I grms. or j 

Meat (never beef) . . . 8 ozs. L which less 

Vegetables, etc. .... 8 ozs. derived, frc 

AloohoHc liquor . . , 1 — ^ pints ^ 

(6) Nepalese matwali (cultivators, coolies of poorer classes). 


Average value of the diet 19*2 
grms. or 120 grms. protein of 
which less than 40 per cent, is* 
derived from an animal source. 


Bice , , . • • . 24 to 28 ozs.'^ 

Dal 4 to 6 ozs. 

Meat (when it can be afforded, usually 
once a week) .... 8 ozs. j 

Vegetables and alcoholic liquor . as before J 


Average value of the diet 17*5 
grms. nitrogen or 110 grms. of 
protein of which only, a small 
percentage is derived from an 
animal source. 


All ddiik tea and alcoholic liquor ; sometimes maize replaces part of the rice, 
and bread is taken when it can be afiorded. 

These figures only give the averages and are probably rather below than 
above the mark. They are quite sutdoient to show how very superior the 
fiietaries of these hill-tribes are compared with those in use in Bengal. The 
Est discbses remarkable results ; it may be taken that the average protein value 
oi the dietaries of the Bhutias is about 160 grms. and of the Nepalese 115 grms. 
The most important point, however, is not the large amount of protein but the 
manner in which the total protein is made np. We have shown in detail how 
poor the protein absorption is" foom a diet consisting of rice and dal, and how 
marked an influence the addition of an animal protein exerts in raising the level of 
absorption. ^ ' 
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Here we liave in vogue amongst tlie Bliutias dietaries in wMcii over 60 per 
cent, of tlie nitrogen is derived from an animal source ; even accepting tkat tlie 
wkole of tke rice of tkeir diet was consumed, tins in itself would mean tliat the 
level of protein metabolism amongst them is relatively very high. Burtbor, tlie 
constant bard work of tbeir daily round calls for a very large expenditure of energy* 
so that tbe digestion of rice and other carbonaceous ingredients of the diet is also 
placed on a higher level than is found in the Bengali ; we may take it, therefore, that 
at least 75 per cent, of this diet is absorbed under natural conditions. (TMs is in 
all probability too low an estimate, but it may be allowed to stand as it errs 
on the right side.) That is, the Bhntia shows a nitrogenous metabolism of 
about 19*2 grms. per day, or per kilo of body-weight 0*35 grm. of nitrogen. 
The average weight of the Tibetan or Nepalese Bhntia is, over the numbers weighed, 
60 kilos or 128 to 132 Ibs.^ We see, therefore, that the level of nitrogenous meta- 
bolism is practically three times that laid down by Chittenden, and twice that 
of the standard towMoh we hope to raise Bengal prisoners. 

By the same method of calculation the nitrogenous metabolism of the 
Nepalese and poorer classes of the Sikkim Bhutias would work out at an average 
of about 13 grms. or the metabolism of 0*25 grm. of nitrogen per kilo of body- 
weight ; whilst that for the Nepalese cultivator and poorer classes of Nepalese is 
lower still, due to the absence of meat except on one or two days a week. We, 
therefore, find that the dietaries show a gradual dechno in the amount of nitrogen 
per HIo of body- weight undergoing metabolism, and, in accordance with this 
observation, it will be evident there is an accompanying gradual fall in the phy- 
sique and general developmental conditions of the difierent tribes from Nepaloae anti 
Tibetan Bhntia to Sikkim Bhutia, and lastly to the lower classes of the Nepalese. 
This can only be explained on the basis of diilcrences of diet : for the other factors 
put forward by Dr. Kellogg are common to all the tribes and particularly to the 
individuals examined in and around Darjeeling. To anyone who has seem 
the strong, muscular dandywalla and the altogether slighter though compactly . 
built Nepalese no evidence will be required to bring oxrt the superior physical 
development of the former ; and when along with this we find the Bhutia reaching 
a level of protein metabolism much higher than the Nepalese, the conclusion that i% 
close relationship exists between the scale of protein metabolism and muscularity 
is justifiable. 

The evidence, therefore, afiorded by investigations on tbe dietaries and gen- 
eral development of these tribes corroborates the conclusions already arrived at 
from a comparison of the Bengali, Behari and— incident! j— the great fij^ting 
tribes of the Punjab, viz,, that physical development, other things being equal, 

5 With til® assistance ol tlie Dktriot S-uperiatonclent of Folic© in Darjeeling— Mr, Bwilfy— Ctotaln 
Hamilton. vas able to obtain the we%bmettt8 of ICO dandywaUaa [Tibetan or BhiaU #•]. 

avKcage weight was praotleaBy 60 Mlos. 
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is a function of the protein metabolism possible from the diet. It is worthy of 
note that there is very little dysentery, diarrhoea or bowel complaint present 
amongst the individuals of these tribes. The stools are wel-formed and regular, 
and very much a contrast to the semi-fluid excretion of the Bengali. 

We made some observations on the blood of the Bhutias and Nepalese in 
Darjeeling jail, but no diflerence of impoitance could be detected. Thus the 
average of 28 observations gave : — 

Biititeat. ISfepalcse. 

Hsemoglohin 84% 84% 

Bed h. Corps 5,360,000 5,280,000 

White b. Corps 9,740 9,660 

As these prisoners get the same diet while under confinement in all probability 
any racial ditoenoes ia the composition of the blood would have disappeared. 
It was found impossible to get blood from these outside the walls of the jail, so 
that diflerences may exist. 


(3) Investigation on the nutrition of prisoners in Darjeeling jail : 


TABLE XXVI. 


(a) In order to obtain some idea of what the level of nitrogenous metabolism 
of Bhutias and Nepalese would be on a diet more or less similar to their accustomed 
diet, we placed a mixed batch of six prisoners on the following : — 


Bice 

Dal ....... 

Meat 

Vegetables ..... 

Observed for mne consecutive days. 


120 ozs.=20 ozs. per man. 
24ozs.= 4 ozs. „ 

96 ozs. =16 ozs. „ 

.36 ozs.= 6 ozs. „ 


Batch. 

Quantity 
of Urine. 

Total N. 
of Urine. 

N.of 

Bice. 

N.of 

Dal. 

N.of 

Meat. 

N.of 

Vege- 

tables. 

Wei^t. 


c, c. 

grms. 

gnns. 

grms. 

grms. 

grms. 

lbs. 

r r 

9,110 

89*62 

37*44 

26*05 

65*30 

2*83 

123*6 


11,110 

89*70 

37*44 

26*05 

65*30 

2*83 

• « 

* 

11,620 

88*30 

37*44 

26*05 

65*30 

2*83 

* * 


11,900 

91*29 

37*44 

26*05 

65*30 

2*83 

123*6 

Mixed Bhutia and Nepal* . 

11,300 

89*68 

37*44 

26*05 

65*30 

2*83 

% W 

eae prisoners. 

9,000 

91*98 

37*44 

26*06 

66*30 

2*83 

9 « 


13,380 

95*81 

37*44 

26*05 

65-30 

2-83 

123*5 


11,760 

97*63 

37*44 

26 *05 

66*30 

2*83 

• « 

V. 

12,000 

101*80 

37*44 

26*06 

66*30 

2*83 

123*6 


Total intake of nitrogen=ll 75 * 58 grms. Total output 

N. of Urine . . .«835-81grms. 

0*6 grm. daily constant . ==27’00 „ 


Total nitrogenous metabolism .=863*81 „ • 

=73*90 per cent, of the nitrogen of the diet 
or 15 ' 98 grms. of idtscogen per man daily. » 
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We, therefore, see that a faiiiy high percentage of the total iiitrogeii of the diet is 
absoxhed even thongh it does contain a large amount of rice. TJxe nirtabohsm 
of practically 16 grms. of protein per man daily is very much greater than anything 
we fonnd in the Bengali or Behaxi, and makes very evident the superior type of 
diet that these tribes live on. For these six prisoners the nimjgenous 
metabolism works out to be 0*284 grm. per kilo of body-wciglit, over two an<l u 
half times the quantity stated by Chittenden to be more than suMoienl to mwi the 
nitrogenous requirements of the body ; yet this diet is not by any means so high in 
protein as that to which the well-paid and superior classes of the bT.epaiese and 
Tibetan Bhutias are accustomed. Tliis diet is worth in round numbers about 
140 grms. of protein, whereas the dietaries of the Tibetan Bhutias may be taken to 
have an average value of 160 grms., with a maximum approaching closely 2i)0 
to 220 grms. per man daily. 

(6) In order to determine the degree of nitrogenous metabolism attained 
by Bhutias and Nepalese on the ordinary jail diet we placed a mixed batch of six 
prisoners on the diet in use in jDarjeeiing jail. 

This diet appears to vary in the quantities of the different ingredients from 
day to day, but it is made up of , . , . Eice, makkai ata, (porridge) dal and 
vegetables. 


Six frisoners observed over ten comemiUve dmjs^ 


Batch. 

Total 
quantity 
of TJriae, 

Total N. 
of rirmo. 

K-.of 

Bice. 

N.of 

Slaklcai 

ata. 

N.of 

Arhar 

dal 

K, of 

i 

t 

1 Wvighl. : 


C* 0. 

grius. 


gms. 

grms. 

i 

grma. 

iy?4 


/ 

9,370 

48*53 

20*69 

: 

42*33 

35*04 

2*83 

125-8 i 



9,780 

62-60 

20*69 

42*33 

36*M 

2*83 

» *■ 



9,710 

63*55 

28*08 

31*76 

80*64 

2*83 

« * 



U,210 

47*08 

20*69 

42*33 

36*81 

2*83 ^ 

m ^ 

Sixprisoneiajo Paaejeel-i 


10,500 

46*45 

20*09 

36-82 

36*64 

i 

2*83 i 






» 

icyg |a3. \ 


11,940 

47-48 ; 

34*40 j 

<9 * 

36*64 

2*83 

Jft f. 



10,400 1 

. ! 

: 45*84 1 

48*07 


30*64 

i*88 ; 

t f* 

f : 


1 11,890 

48*93 

20*09 

31*31 

^ ^*64 





9,020 

60*37 

20*69 

42*33 

30*64 

s*83 ; 

1 : 

1 ^ iff 1 


B. 

12,470 

01*86 

1 

! 28*08 

j 

; 18*62 

30*@4 S 


m-i 

i > ^ 


0 'i 
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This diet worts out to be ou an average over the ten days : — 


Rice . 
Makkai ata 
Dal . 
Tegetahles 


. 14 OZS.1 


. 11 

. 6 

. 6 


35 


35 


35 


per man daily. 


Total intake of nitrogen==936 * 28 grms. Total output 


N. of Urine . 

0*5 grm. daily constant 


. 492*68 grms. 
. 30*00 „ 


Total nitrogenas metabolism . 522*68 „ 
=55*88 per cent, of the nitrogen of the diet 
=8*71 grms. of nitrogen per man daily. 


Rrom this we learn that hill-men, when placed on a diet very similar to the makkai 
ata diet of the Behari, give practically identical results as regards the amount of 
protein undergoing metabolism. 

This investigation further brings ont the fact that the jail dietary is very' 
inferior to the ordinary scale to which these tribes are accustomed in their own 
homes. This jail would, therefore, appear to be the only one in Bengal where the 
prisoner’s are not better fed inside the jail than outside. The diference is very 
marked as regards the protein metabolism ; in round numbers we found it to 
correspond to 16 grms. of nitrogen per man daily, whereas the jail diet only 
provides for a metabolism of about 9 grms. of nitrogen per man daily. From 
the standpoint of a well-fed Bhutia the jail food would be considered absolutely 
penal This may have something to say to the very small number of Bhutias to 
be found in prison. 

(ej In order to determine whether the nitrogenous metabolism of Bhutias 
and Nepalese would be similar to that of Beharis on a wheat ata diet we placed 
a mixed batch of Bhutias and Nepalese on the diet from which was obtained the 
maximum absorption in Bhagalpur jail This was 


if 


Bice . 

* * 


. 12 ozs. 

"Wheat ata . 

« tt 

* 

. 10 

Axhardal . 

#V « 


. 6 „ 

Tegetahles 

€ *■ 

* 



per raau daily. 


) 





Twelve Bliuikt and Ne2^alvfie 'prisoners ohserml for five cmm cairn 


Bakh. 

Total 
quantity 
of UriiTK'. 

Total M. 
of UriiK'. 

N, of 
Kifo. 

N. of 
Wh.at 1 

al^i. ; 

f 

I 

K. of 
Ailuu 

Oat 

3,»4 

t itl*'"'* 

U' vtt. i: 



gnui. ‘ 

jJSniH. 



UK *. 


r 

j 



U'tii 

07 -an 

71*50 

Tr Irli 

tti'o : 

j 

IS.COit 

I'il IS 

44*yt ■ 

j U7‘3H 

71 -Tm* 

#1 Ifk 

i:i li 

Twelve pmonora in Oar- J 


ic-ic’ii 

44‘0I 

07*38 

71*50 

% ttn 

U* u 

jeeling jail. j 

i 

n,i.v» 

liO-S-i 

44 * 04 

07*38 

71*50 

' liH 

ia,'> ♦* 

{ 

1 

10,060 


44*04 

07*38 

: 71*50 

4* * III* 

UC*l| 


Total mtafe of nitrogen^r^ 947 * 70 gims* Total otitpii1>~“ 

N. ofUrino , , . . 012*30 gmia. 

0 ’ 6 grm. per man daily ooiwtant *00 „ 

Total H. metaboKsm . . . 072*30 

=«7O*0O per ceat. of tbe K. of the dial 
s*10* 70 gxms. of mtrogen per man dally. 


•We again learn that tlie^e hill-nien give practically idetitieal renulta wiih flu* 
Beiiari prisoners in Bhagalpttr jail wken tke two classes were placed on h ml kr diets. 
It is, therefore, evident that the protein absoj^itioii from a diet depialH entirely 
on the way in which it is made up, and not on the greater or leas absorptive |j«nvitr 
of one individual or race compared with another individual or race, Thb 

finding we have plenty of evidence to prove and have already referred to it in 
previous parts of this work. 


A comparison of the level of nitrogen metabolism attained by BImtiaa and 
Nepalese, when placed on the most efficient Behari dietary, with their nitrogeiaoiis 
metabolism when on a diet only approximately as mikitions as that to which they 
are accustomed, again serves to bring out clearly the great snperbrity of the diet- 
aries of these MH-tribes, 

Irom the evidence adduced there would appear to be no doubt that the 
,splendid phydeal development seen amongst these men is due veij k^y to #i# 
Hghiy nutritioi^ food matenals on which they live, under the mtM* 

tions available in the earher years of life when growth is taMi^ plaea, 

( 4 ) C(mdhmons mimd m tlm of fooi m 

frmt,--Wo have shown that it is quite possible lor an individuid to wiWit m 
amount of pto^ Stated by (Httonden to be suffident ; in 




I 'f 







f 
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lutiogenous nietal3olisiiL tlian OHtteB.deii'’s standard.. So far, our work corrobo- 
rates Ms results. But wken we look at tke other side of the (^^uestiou and make an 
attempt to estimate what the efiects of dietaries, providing so low a standard 
of nitrogen absorption, aie on the physical well-being of the people we are forced 
by the evidence to attach much greater importance to the glaring ill-effects of such 
di(‘ts than to their physiological economy or the supposed advantages of a low 
protein intake to the excretory system. 

JFrom a study of the urine, blood, physical development and general capabili- 
ties of the Bengali we expressed the conviction that the diet on which he subsists 
was largely to blame for bis miserably poor physique and want of vigour. Nothing 
we have learned in this further study has tended to contravert that opinion ; on 
the contrary, the more the subject has been gone into the stronger the evidence 
becomes of its correctness. It is admitted by everyone that, compared with the 
working European, the Bengali labourer is on a very low scale; vegetarians and 
the followers of CMttendeu have assigned every possible cause that could be 
thought of, except diet, as offering a full and complete explanation of the Bengali "s 
inferior capabilities. We have discussed these hazy, ill-defined influences and, 
whilst admitting the probable force of some of them, have largely eliminated 
them by contrasting individuals, tribes oi races in wMch all these factors are 
identical, but in wMch diet alone forms the distinguishing element, or— to put it 
more coneotly— in wMch the level of protein metaboEsm forms tbe great fine of 
demsxcarion. 


From tMs pint of view we contrasted the BengaE, Behari and some of the 
great fighting races of the Punjab— all inhabitants of the plains, of the same or 
closely alEed religious beEefs, and customs regarding marriage, and under 
climatic conditions that are practically identical ; the evidence of the rightful posi- 
tion of th^e races in the category of men, and their respective claims to manly 
force us to the same conclusion, that diet or absorbable protein is the ail- 
important element in the development and character-formation of a people. 

From a study of the Hll-tribes around Darjeeling we have been able to gather 
most important information hearing on this question ; and again, it becomes evi- 
dent timt the weMeveloped and more muscular races are those whose diet is very 
superior in the amount of absorbable protein it presents. We need not go into 
details of tiie work carried out on these tribes. The main fact, so far as we are at 
Hcesen* ConseeM is that the Bhutia, by far tiie most capable of these people w 
Lse Oimmim Iieqw4«g4eat muscat a^ns a mtrogenoua m^- 
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appear to be the deterniining factors of the several causes that go to relegates 
fix and maintain the position of a people, tribe or race in the scale of manidiid. 
Of all the difierent races that we have investigated the scale of the relative di*- 
velopment, vigour and general muscularity is easily fixed. The folio wiiig may bo 
taken as showing how the several tribes would be placed, together with the several 
degrees of nitrogenous metabohsm per kilo of body-weight to which they 
attain : — 


{i) Bhutias — 

IS’epalese Bhutias 
Tibetan and Bhotan . 
Sikkim Bhutias 
[li) Nepalese , 

(m) Beharis 
Brisonexs 

{iv) Bengalis and Ooxiyas 
Bxisoneis 


N. pex kilo of body-weighi . 

.0*42 grm. (very highly animal diet). 
. 0*35 „ 

. 0*25 „ 

. 0*18 to 0*25 grm. 

, 0*145 grm. 

. 0*173 grm. 

. 0*116 grm. 

, 0*151 grm. 


The close relationship between the nutritive value of the several dietaries and 
its iiifiuence on the physical development of the different peoples of B<*ngal is 
clearly brought out by tlii.s list with its accompanying scale of introgeni)Us 
ipetabolism. 

The aboriginal tribes of GJiota NcKfirar. — 'Wo shall eoticlude, and ('oinplele the 
work done, in Bengal, by a short simmiary of the informalion supplied ns wii-h 
regard to the aboriginal tribes inhabiting the liamdti plai(‘au. 

Major Maddox, Civil Surgeon, Ranchi, kindly ihm iitfttrm.t- 

tion for which we are most grateliil. 

In Part I, Chapter II, Se(diou (2) (e), will be foiiml an eci'oujit of ritt‘ expmv 
mental work carried out on representativevS of foiu: of the prindpaJ frilies, m., 
Pater, Moonda, Swansi and Uraon. 

We found on the whole that the level of nitrogenous metabolism \vm did ital ly 
on a higher scale with these men than was the case with Bengals ami Ooriyais 
on a aimikr diet. Wlmt the true explanation of this is we are not in a posit ion to 
state. 

If we had obtained similar results with the Darjeeling iribess it might have 
been justifiable to assume that people inhabiting the hills, and aeeuBtomed to 
a better diet than inhabitants of the plains, were able to absorb a higher pereantage 
of the protein from m identical diet. But, while the Darj<^ling trlbei did show a 
slightly better protein absorption than Beharis on the same diets, the MMntmm 
fs too smaE to be any proof that such an assumption is absolutely right. 

The ohwoterisricsonwMahwekid smdi stress when discrMsg&eDiip^ 
hiil4rjbes are also to be found aboriginfg. _ WM1@ of 
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tl\6 average aborigine is a most capable worker, bright, cheery and ahve to his 
surroundings. In muscular development he is very superior to the Bengali, but, 
as would be expected from his diet, inferior to most of the Bhutias and Nepalese, 
liis physical development and general capabilities would again confirm the con- 
elusions already arrived at from a study of the Bengali, Behari and Bhutia, 
that the position of a tribe or race in the scale of physical development is largely 
a matter of the amount of absorbable protein offered in the dietaries. 

llie differences in the natural dietaries of these four tribes are not sufficiently 
well marked to show any real distinction in physical development. We append 
file notes Which Major Maddox was able to obtain. 

Pators or Paters, 

’’J’bese people were originally Mundas, but have now become completely 
liinduized. 

The Pators, or Pator Mundas as they are often called, are only found in wffiat 
used to be the Bahey thana circle, this part now being divided up betw^een 
tlie Sonahatu and Silli thanas. Closely related to tbem, and practically similar 
in all respects, are the Kangar Mundas found round Banchi itself and Khunti. 

It is not known how long ago these people became Hinduized, but there seems 
to be no doubt of their origin. 

Though they speak Hindi and Bengali to some extent, their language among 
themselves is Mundari. 

They eat the flesh of fowls and goats, but never eat cow ox buffalo or pig. 

They consider themselves higher than Mundas, Uraons, Sawansis or Lohars, 
and do not intermarry with or eat with them. 

The original work of the caste seems to have been oil-making and selling, 

but now they also do some cultivation. 

The general physi^^ue of these people is better than that of the Mundas so far 

as can be seen. i 

Amm^ and weigM oi 100 Pater prisoners. Pood at home, daily quantity and animal food taken. 

‘ ^ Daily consume about 22 ozs. of rice, 4 ozs, dal. 

mkht-104lbs. Generally Hari (a form of wine) 

® every mght before supper. Also take 

fish, meat, mutton, milk and fowl. ' 

[ 

Mundas. 

These people, classed by Colonel Dalton ns Kolarians, appear not to be oon- : 
nected -witb the Dravidian races, and to have entered India originally from the ; 

Norlh-Bas'fc. ' i 
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It is believed that at one time they peopled the whole of Northern Ituliiij bnt 
they never seem to have gone to the southern part of the Peninsula. 

They have also been identified with a black race who for a long time peopled 
the southern part of China, ^and was finally driven out by the ChincHe after 
many years of extremely bloody warfare. 

They can also be traced by some physical peculiaiiti(*-s and by certain rules 
of their language to be connected with some of the aborigines of Australiit an<l 
the South Sea Islands. 

I am informed by the Revd, Father Hofimaim, S. J., that there are mort*, than 
one hundred words in Mundari which are pure Chinese. Among thesti art^ sev<?ral 
of the numerals. 

In more recent times, comparatively, they were found in Bohiir, and it in 
believed that on wandering thence they at last found themselvcB on the Chota 
Nagpm: plateau, where they seem to have been the first settlers. It is dillicult to 
say how long they have been settled on the plateau, but probably they oamt‘. liither 
before the Christian era. They now clncfly occupy the soutiunn and south-east, .ern 
portions of the district of Kanchi. 

In physique they are short, and their skins are darker in colour than tlin-t tif 
any other people on the plateau. As children they may occasionally have Hj>iue 
pretensions to good looks, but these are practically never present in adult life iu 
either sex. 

Their diet is universal and they eat all kinds of fiosh. inciuiling that of ralH and. 
snakes. They also eat certain insects. 

Their cattle are all used for ploughing. Consequently the cows are seldom 
milked and it is probably only at the seasons when little or no ploughing is being 
carried on that cow’s milk is used to any extent as a food. In fact, if a woman 
dies leavings small infant it is only in a very small percentage of cases that the 
child has any chance of surviving. 

Average height aad weight o'£ 100 Manda prisonera. Food at home, daily quantity aad kind o£ aalmal fowl 

tae:en. 

Height ...... Bice and dal in both the meak. QoanHty 

Weight — 107 | lbs. same as Pater. Also take fish, adlk, meat, 

mutton, beef, pork and buJ&lo, 


Sawansig. 

These people are Mundas Hinduized at a remote period* 

They are the weavers of Ghota Hagpur, being found in nearly eveiy village, 
where they live among the other people carrying on theii work m weavers of 
the coarse country cloth worn by Ihe poorer classes* 
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• s they seldom own. any land they are dependent on the villagers, who bring- 
lem the cotton grown by themselves. They consider themselves to be Hindus 
and will not eat or intermarry with Mnndas or Pators. They do not eat the flesh 
01 cows, buffaloes or pig, but goats’ flesh is their staple, diet, and, as it is difficult 
for them to keep goats as they have little or no land of their own, they have 
developed into a caste of professional thieves, the principal thing stolen by 
them being goats which they promptly eat. 

The Kevd. lather Hoffmann, S.J., from whom my information about these 

people is derived, tells me that they live on goats’ flesh which is nearly all of it- 
stolen. 


Average height and -weight of 100 Sawansis. Food taken by them. 

Height -0*3” Rice and dal in both the meals. Quantity 

Weight — 100 lbs. and time of food same as Pator and Munda. 

They also take fish, meat, mutton, and- 
fowls. 

ITraons or Oraons or Khurunkh. 

These people are classed by Colonel Dalton as Dravidians and be states that- 
they are related to the peoples of the South of India, and that their languages are 
closely related. He considers that they came into India from the North-West 
at the same time as, or at a later date than, the Kolas from -whom the Mundas 
have theii origin. 

These people, hke the Mundas, are said to have been at one time in Behar 
and then having wandered westwards to have returned and for some time to have 
settled around about Eohtas, or possibly that they came from the -west about 
Gujrat in wliich they had settled. When driven thence some are said to have 
gone to the Bajiuahal hills, and the rest to the Chota Nagpur plateau to form 
the race now occupying part of the plateau and known as Oraons or Khuruhkhs. 
This is believed to have occurred about the time of the Christian era or at a. 
kter date than the Mundas’ migration. 

These people occupy a portion of the Bancbi District extending from near 

Banchi town westwards and north-westwards. 

In physique they are distinctly finer than the Mundas and, at any rate in 
the earlier years of life, many of both sexes have some pretensions to good looks. 
As they grow older they degenerate rapidly, and the forward projection of the^ 
upper jaw and teeth which is a distinbtive character of these people becomes much 

more noticeable and disfiguring. 

In intelligencethey are above the Mundas. Many who have emigrated to^ 
the teargardens become remarkably intelligent and raise themselves considerably 
above that ori^nal level of social life and comforts. 

■ ' ' ' ' , ' . , , ^ a ■ 



TJieir diet in ilioii’ native cojiditions is practically anylliing tliat they t-sm 
catch including jackals, snakes, li Karels and insects. At their feasts they consume 
large quantities of builalo meat* They always eat meat when they can get it ami 
are specially fond of pork. They ar{‘ clean in tlK4rperst>ns and fondtjl pcr.'^mml 
adornment with beads, coi ns and ne< ‘khices made of grass and seeds and other t hi ngs. 
The females are all tattooed in childhood with three— usually vertical—niurks ou 
the forehead a little above the joot of the nose. Although tiieir cows are \ised 
in ploughing, milk is madcj more use of as an article of food by them than by 
the Mundas* 

It is rare for any aboriginal people to cook food more than once a day. The 
riceis cookedin the cveningin sullhiently large quantity to provide for two ineuis, 
one portion is eaten with hot vegetahlcs, meat and condiments at. night, and the 
remainder is kept and eaten cold, frequently only with salt, at any time from 
about 8 AM, to noon* 


Average liolglit weight of 100 Umnu s, I Jaily Ux»h <'te. 

Height —li' , . . . . Rh’C and dal at both meals. T.tke !(wr*«>a 

Weight - Ml lb€. bread m mondng meal, in tlic* seasuii of 

the year (August and bleptember). (luaatif v 
wiiae as Pate?, M«ada and Hawaiwi* 
Anhnal foml same as Muuda or in larger 
quautitks. 


This concludes the work that we have been able to perhmn on Ihuigal |*dt 
dietaries and on the diSerent problems that have cropped up during the ctnim* 
of our enquiry* One of the most Interealing questions is uiidoubto^lly ihc 
relationship of the degree of mtrogenous metabolism to pliyaival devetopment 
and the general oharactenstics of the pople of & race. Wo haw brought a goexi 
deal of evidaioe forward to show that m intimate conneotion do« exist, am! iliat 
diet is a powerful factor m determining the pomtbn of a tdbe or race in the M^alw 
of mankind. 


This line of research we hope further to elabomte feom a study of the great 
%hting races of the Punjab and Bajputana ; at present we know enough to mj that 
a diet of rice and dal does not appear to conduce to the formation of thes^lal 
characteristics that are detimble In those :wcrui tad lor the fighting lint, nor to 
the muscular devebpmeat essentia! ht &e performance of a ha^ day's work* 
On the other hand, in those races where m a^mlable pmleitti and pttiealarly 
an animal protein jfoiTO part o! the o|#naiy munculw 'daviio^int 
good fighting quahties to be irtf r^led mtin the tefdl d 



metabolism attained. 



CHART i. 

Chart or protein metabolism from dietaries 



Composed of varying quantities or Rice -the protein 

ABSORPTION prom DaL BEING FAIRLY CONSTANT. 

Grammes or Nitrogen absorbed per man daily. 
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CHART U. 

«»«■!« METABOtJSM FROM 0«ETAWE5 

Chart of protcih metahqui 
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